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Methods of identifying, selecting and/or characterizing comr)ounds 
which modulate the activitv of a Src faniilv kinase 

10 The present invention relates to methods of identifjing, selectii:^ and/or characterizing coinr 
pomds wiuch modulate the activity of a Src family Idnase and their vse in the treatment of 
disease, lAhich are at least in part causedby at least one Src family Mnase. 

Various methods of selectrng, idenfifjmg and/or charad:erizingcornpomds are known in the 
15 art These screening methods ate used to identify and/or characterize corrpounds for their 
potency to bind to target proteins and/or to modulate the function of target proteins. Ivfeth- 
ods of this land are available for nunnerotB protein targets vshich are inter aEa involved in ihe 
etiology of certain pafhologLcal disorders. 

20 The most common screening systems are based on measurements of the binding constants of 
Ihe confound to be tested for Ihdr binding properties to certain target proteins. However, it 
is preferred to use cell based assays to screen for potentially inter^ting compounds. In 
eral, fh^ cell based assays make use of an overexpression of the target poDotmi to permit 
lar^scale screening. Nagy et aL describe an inducible expr^on system for NMDA lecep- 

25 toiB v^hich maybe used for drug sa-eening purposes (Neurochem. Int. 2003; 43(1), 19-29)). A 
related method is disclosed by Uchino et aL (Brain Res. Mol. Brain Res., 1997; 44(1), 1-11), 
namely a ceU-based, inducible drug screening system, for compomds acting on an NMDA 
receptor channel. Vanhoenacker et aL describe a high level expression systeon. of htmnan sero- 
tonin receptors in L929 cells using an inducible expression system (Receptor aiannels; 1997; 

30 5(3-4), 125-137). This system, is established for characterization purpose of a potentiaEy in- 
teresting substance 
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One protein target of intecest amongst many others, for vMda various methods of identifyirig 
or characterising corr^mds (wfh activify to modulate the tar^ proten function) ate avail- 
able, is e.g. Hsp 90 (Heat shock ptx^tein 90). The Hsp90 family of protdns is a gcotp of 
hi^y conserved stress proteins that are e>cpressedin all eiikaryotic cells. It plays akeyrole in 
5 the cellular stress response by interacting wfh many proteins after their native conformation 
has been altered by environmental str^ses, such as heat shock, ensuring adequate protein 
folding and pceventing nan-spedfic aggc^gption (Smith et aL (1998) Pharmacolo^cal Reviewr, 
(50) 493^13). Beade that Hsp90 has an in^rtant regulatory role by mdntaining the conr 
formationalstd^iffiyandrriaturationof several key client proteins. 

10 

For exan^le, WO 03/067262 discloses a method of identifying corrfovmds \^ch modulate 
the interaction between the Hsp90 and the co-factor Aha-1. The method is based on a cell 
based assay. Upon addition of a test corripound an effect on the cdlsiriay be observed, e.g 
determination of the morphological status of the ceUs. Assay methods disdosed therein may 

15 be i:ised to determine the ability of test coir^unds to inhibit cdMar proliferation WO 
03 /050295 relates to a cdl-based method for identifying coirpounds modulating a affin- 
ity form, of Hsp90, vAiich occurs in certain tumor ceBs. WOOO 7686693 discloses a method of 
screening and identifying a molecule that alters the centrosomal location of Hsp90 in a cell. 
The modiiating effect of a test corr^und on Hsp90 may also affect the correct folding of 

20 proteins interacting wLfh Hsp90. In stich a case, the compound can act as an indirect inhibitor 
of the protein interacting wfh Hsp90. 

In other words, methods known in the art for the identification/characterization of comr 
pounds with modulating effects on tar^ proteins, e.g Hsp90 amongpt numerous other tar- 
25 get proteins, may be based on avarietyof mechanisms depending tpon the specific cellular 
function of the respective tar^ protein and may be determined by direct or indirect modes 
of action. 

Other cellular protein targets, which play a key role for cellular processes, are the merribers of 
30 fheSrc kinase family These kinases are itnplicated in e.g cancer, irnmune system, dysfunction 
and bone remodelling diseases. For ^neral reviews, see Thomas and Brugge, Annu Rev. Gdl 
Dev. Biol. (1997) 13, 513; Lavw:ence andNiu, Pharmacol Ther. (1998) 77, 81; Tatosyan and 
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Mzenina, Biochemistry (Moscow) (2000) 65, 49; Boschelli et aL, Drug? of the Future 2000, 
25(7), 717, (2000). 

Ivferribers of iiie Sic f airily iriclude the foUovviiigrdne kmases in mammals: Sic, Fyn, Yes, Fgp, 
5 Lyn, Hck;, Lck, Blk and Yrk These are nonreceptor protein kinases that ran^ in molecular 
mass from 52 to 62 kD* ALL are characterized by a common structural organization fihat is 
comprised of six distinct functional domains: Src homology domain 4 (SH4), a unique d>- 
marn, SH3 domain, SH2 domain, a catalytic domain (SHL), and a C-tearinal regglatoiy region 
(Tatosyan et aL Biochemistry (Moscow) 65, 49^8 (2000)). An alignment of the sequences of 
10 said numbers of ihe Src family is g^?^^ AU sequences ace human, except Yrk 

which is fromichickea 

Src (a men*er of fhe Src kinase family) \V9S the fi^ Its identi- 

fication vsBS due to the discovery of an oncogenic variant, ' V-Sic''', in the genome of Rous 

15 sarcoma virus wiuch considered to be responsible for the r^id eruption of tumors in 
animals infected with this avian retrovirus (Jove and Hanafusa, 1987. Cell transformation by 
the viral src oncogene. Annu Rev. Cell Biol. 2. 31-56.). Its cellular homology c-Src or Sic, is 
involved in cell division (probably fhroi:!^ interaction W.fh different growth factor receptors), 
as \\ell as cell shape changes, adhesion and motility tiirou^ regulation of integrin signalling 

20 and cytoskdetal architecture (Roche et al., 1995, Science 269, 1567-9; Mao et al., 1997, Onco- 
gene 15, 3083-90; Parsons and Paisons, 1997, Curr. Opin. Cell Biol. 9, 187-92; Abu-Ghazaleh 
et al., 2001, Biochem J. 360, 255-64; Belsches-Jablonski et al., 2001, Oncogene 20, 1465-75; 
Avizienyfe et aL, 2002, Nat. Ceil BioL 4, 632-638; Frame, 2002, BBA 16Q2. 114-30; Kitagpm 
et aL, 2002, J. BioL CherxL 27Z, 366-71). 

25 

Furthermore, Src is involvediniherq?Kcationof hepatitis B virus. 

sdiption factor HBx activates Src in a step required for pax>pagption of the virus (Klein et aL, 
EMBO J., 18, 5019, (1999) andKldnet aL, MbLCelL BioL, 17, 6427 (1997)). 

30 Because of its functions, a number of studies have impEcafced Src in the deration and/or 
piogresaon of several types of cancer, indudingbreast, hepatic, pancreatic and ovarian cancer 
and in particular several kinds of leukemia and lytr^homas as weU as colon cancer (Cartwri^ 
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et al., 1990, Proa Natl. Acad SdL USA 8Z, 558-62; Lynch et al., 1993, Leukemia Z, 1416-22; 
Pories et al., 1998, Gastroenterology 114 1287-95; Frame, 2002, BBA 1602. 114-30; Tala- 
monti et aL, J. dm. Invest, 91, 53 (1993); Ltitz et al., Biodiem. Biophys. Res. 243, 503 (1998); 
Rosen et al., J. BioL Chem., 261, 13754 (1986); Bolen et aL, Pcoc. NatL Acad ScL USA 84, 
5 2251 (1987); MasakL et al., Hepatology, 27, 1257 (1998); Biscacdi et aL, Adv. Cancer Res., 76, 
61 (1999); Lynch et aL, Leukemia, 7, 1416 (1993)) and other disorders. 

An i:inarribiggous correlation between Src Idnase activity and advancing tumor stage in colon 
cancer has been demonstrated (Talamonti et aL, J. Clin Invest, 91, 53 (1993)). It was shown 

10 ihat there is a strong posittve correlation betv\«en Src activity and tumor progpesaon from 
non-malignant polyps towards invasive cancers and metastatic fodL Therefore, activation of 
Src kinase in primary colorectal cardnoma entails a poor clinical prognosis (Aligayer et aL, 
2002, Cancer 24, 344-51). A reduced activation of Src in human colon and ovarian cancer 
cells was shown to reduce their tumorigenidty, sug^ting that Src inhibitors coidd have a 

15 potential as anti-cancer drug? (Wiener et aL, Oin Cancer Res., 5, 2164 (1999); Staley et al.. 
Cell Growth Diff 8, 269 (1997)). Colon cancer is a common disease \Ahich leads to death in 
-50% of the cases as a consequence of metastasis. Thus, therapeutic substances are hi^y 
desired for more succ^sf li treatment strateg^^^ of colon cancer and other cancers as \AelL 

20 Since Src and other Src family members (which are involved in sirrilar signal transduction 
pathways as Src and reflect, therefore, a spectrum of functions within the cell \Nhich is quite 
similar to Src's physiological function) are involved in various pathologic disorders, there is a 
long lasting need in the art for methods that allow to identify and characterise con^mds 
modulating the activity of Src farnily rnembers. While there are methods known in the art that 

25 merely allow to screen for compounds with binding affinity to Src farnily rrieDnbets, at this 
time no system, exists which allows b a) detect/identify compotmds, which modulate the 
activity of meonbeis of the Src kinase family and b) distinguish between different modes of 
action of identified compounds, in particular between direct and indirect effects on a merriber 
of the Src family, dfferent binding modes or the characteristic spedfi-dty of the identified test 

30 connpomd(s). 
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Nevecthdess, stidi a system is hi^y requiied to obtain specific conclusions abotit the eff ec- 
tivea^, mode of action and spedfidty of a test compomd Furfhermore, experimental le- 
siits giving these conclusions ace of utmost in^rtancefor further r^earch activities directed 
to the use of a coupomd as a medicament for the ptevention or treatment of a disease or 
5 disorder state, v^ch is at least partially caused by a Src family member. 

Consequenliy, it is the object of ihe pcesent itwention to provide methods for the identifica- 
tion of conpounds (modulating the function of Src kinase family members), by vdiich disr 
crirninatingdues are gLvenfor iheeffecth^enes^ fhei^ action and ihe spedfidty of the 
10 test coir5x>vinds used 

According to the invention a ceillular assay is provided, by \^i^id:l (i) an inducible expression of 
Src family Idnases or Src family kinase mutants is carried ottt and (ii) a detenrfnation of the 
effectiveness, mode of action and iihe spedfidty of a test compound to\Am3s Src family 
15 kinases is based on phenotype chan^ of the cells tpon contact vd.th the test co33npound(s). 
The extent of siq^presaon of phenotype changes by the test cou^und is used as a read-out 
of the method according to the invention These phenotype chan^ can be qualitatively ob- 
served with a microscope and/or can be quantified exnplo^x)g various assay formats. 

20 The present invention relates in its first embodiment to a method of identiJ^mg, sdecting 
and/or diaracterizing a con^und, v\iiich modulates the activity of at least one Src family 
kinase, comprising the steps of: 

(a) cultivating at least one cell (or at least one cell line) containing at least one nur 
deic add coding for a Src family kinase or a mutated Src family kinase under 

25 suitable conditions, 

(b) exptesang tiie ntiddc add(s) in flie cdl(s) of step (a) under suitable condi- 
tions, 

(c) contactingfhe cell(s) of step (b) mfh at least one test compotmd and 

(d) determining v^hefher the phenotype of the cell(s) of step (c) is changed as 
3 0 corr^pared mfh the phenotype of the cdl(s) of step (b) whereby a difference in the 

phenoiype indicates that said test compound modulates the activiiy of at least one 
Src farrily kinase. 
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"Src f airily kinase" according to the inviention means a protein tycosine Idnase form the Sic 
family and relates to any member of the Sic family, incliidingbtit not limited to Src, Yes, Fgr, 
Fyrv Ld^ Hd^ Lyn, BIk and Yrk Preferably, the Src family kinases are vertebrate, in particu- 
5 lar mammalian Idnases (e.g. horse, pig chicken, rat, moiise. Human Src family kinase ffi- 
quences are rnost pi«f ecred 

"Mutated Src family Idnase'' or "Src family kinase mutant" according to the invention means 
a Src family kinase v^iuch shows a change in at least one amino add Sudh a dian^ indudffi 
10 any posable alteration in the amino addsequence (caused eg by addition, ddetion, substittt- 
tion etc.) and modification of amino adds. 

"Src" or "Src kinase" according to the invention rdabes to iiie aforementioned member Src of 
the Src family. This ^lies corcespondin^y to "mutated Src" or "mutated Src kinase" 

15 

"Con-^unds" according to the invention relates to any molecules i^hich may or may not 
modulate the activity of at least one Src famfly kinase or Src family Idnase miAant, in particur 
lar they can either directly or indiiectly modulate at least one Src f airily kinase or Src family 
kinase mutant (ditect or indirect Src family kinase inhibitors). "Compound" may be a small 

20 (organic) chemical entity, peptide antibody or intrabody molecule that effect the function of 
at least one member of the Src family. Suitable con^unds maybe sdected from compound 
collections or designed corr^unds, for example using combinatorial diemistry. Preferably, 
the compound has a molecidar wei^t of less tiian 3000, more preferably of less than 1500 
Da "Compound" maybe apeptide or apolypeptide, a modified peptide, e.g a cycKc peptide 

25 or modified at the tamrnal end grotps, e.g with the inttodudion of a diloromelhji ketone, 
aldehyde, or boronic add at the GTercninus or blocked at the N-tenrinus vAfh a car- 
bobenzji gx>vpr a natucaEy occurring svbstance or a conjugate substance comprising at least 
two components* 

30 "Contacting' according to the invention means - in its broadest sense - any interaction be- 
tvs/een the test compound with the Src family kinases or mutated Src f amfly kinases of the 
invention, vvheceby any of fhe two corr^nents maybe indepaidentiy of eadi other in a liq- 
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lid phase, for example in soliiioiv or in suspension or can be bomd to a solid phase, for 
example, in the form, of an essentiaDy planar surface or in the form, of particles, pearls or the 
Eke. 

5 The term, "'contacting' more spedficaHy cornpises any posabHity of interaction between a 
test corr5x>tind and a cell or cell line of the invention. A test con^und maybe added to a 
cell or cell line or a cell or cell line may be added to a test compotmd, e. g in solution. 

The change of "phenotype" according to the invention relates to any Idnd of observable 
10 change, e.g. change in/of cell viability, cell death (^poptoas, necrosis), differentiation, mor- 
phology, motility metabolism, plasticity, cellular prolLfetation and/or features of cell gnwfli, 
gcowfch in one, two, three etc. layers, aggpegation/dusbecing of ceUs, distrflbtition of cells 
over a surface or a culture dish 

15 In a preferred embodiment the ceE(s) or the cell line of step (a) of ihe method according to 
the invention exhibits the abiUty to indudbly display a characteristic phenotype reflecting the, 
preferably inducible, expresaon of at least one Src family l<dnase and/or at least one mutated 
Src family kinase, preferably a hyperactivated f omi of a Src family kinase and/or a mutated 
Src family Idnase. Thereby, the inventive method aEo\AS to observe the phaiot5pe of a cell 

20 being induced to (over)express at least one Src kinase and/or mutated Src kinase as a direct 
readout. 

In another preferred embodiment ihe cell of step (a) of the method according to the inven- 
tion exhibits the ability to identify a corrpomd v\hichnnodulate tine expression or activity of a 
25 Src family kinase or a mutated Src famfly Idnase in the context of a livir^ cdL Upon addition 
of a test corr^tmd the "Src-like" phenotype (as a result of the (over)exptession of tine Src 
family kinase) develops (no effect of the test corr^xjundon the induced eel) or the pheno- 
type shows upon addition of tiie test corr^und various degpe^ of deviations from the "Src- 
like'' phenotype (t^t compoimd induces an effect on the eel). 

30 

In a further preferred erribodiment the method of the invention gives a due to the mode of 
action of test compounds. Their mode of action maybe dicect or indirect, since flie test corrt- 
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po-und may exert its intact on the cell e.g. via direct binding to a Src kinase or via inditect 
effects, e.g. by interfering with the Hsp90 chaperone system, on the activity of yMch proper 
folding of Src Idnases depend By losing Idnase dead Src fairuly kinases it becomes possible to 
determine vsiiether these con^unds exert their effect via direct inhibition of Src kinase activ- 
5 ity or by interaction wthnon catalytic don a Src kinase or -by indirect effects- af- 

fecting Src folding and expresaon 

In a firEher preferred enibodirnent the ceJl of step (a) of the method according to the inven- 
tion exhibits the abiliiy to detenrfne the selectivity and/or specificity of a connpotind 

10 

According to the invention it is preferred, that at least one, preferably tvvo, more preferably 
three and most preferably four of the properties ((i) "Src-Eke'' phenotype, (ii) debectability of 
the corr^imd effect, (iii) conduaon about the mode of action, (iv) selectivity and specificity 
of the corr^tmd) are fulfilled by a rnefliod according to the invent The number of the 

15 Sn: family kinase(s) and/or mutants of these Src family kinase(s) to be usedin step (a) of the 
method of the invention in order to get information about the aforementioned properties 
depends on their characteristics. E.g. a mid type Src family kinase wlU generally provide in- 
formation pertaining to the properties (i) and (ii). A mutant of a Src Idnase family member 
may even additionally open access by its o\m. to the mode of action of a test corrpound (iii) 

20 (in other words dkect or inditect effects of the test compound) and/or (iv) to the specific- 
ity/selectivity of a t^ con^und Ho\Aever, according to the invention it maybe necessary 
to use (at least) two different Src family Idnases and/or typically mutants of Src family kinases 
to retrieve information about the properties (iii) and (iv), respectively, of the compounds 
tested 

25 

In a preferred enibodiment of the method according to the present invention a mldtype Src 
family Idnase is used and at least one further mutant Src f anuly kinase- The mutant Src family 
kinase(s) used for the assay according to the invention may show mutations Wiich lead to 
hyperactivated forms of a Src family kinase menhber indtidng a very strong phenotype, to a 
30 kinase dead mutant Src farrtfly kinase rnertiber (without any Idnase activity) and/or to a mur 
tant Src family Idnase member wzhich allows to detercriine the specificity of active corr^unds 
for specific Src family kinases. Additional mutants may be ^nerated and tised Preferably 
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sin^e amino add substitutioiis ate i^sed for ^nerating these Src family Idnase mutants. How- 
ever, the mutants may also bebasedoninsertioris or cMetions. 

"Kinase dead'' Src family kinase mutants are typically based on mutations in the ATP binding 
5 site, preferably in at least one consensus amino add, of a member of the Src famOy Idnase 
resulting e.g in an abolishment of the binding of ATP to the ATP bincSng ate ("kinase dead 
mutant type"). Such a mutation leads to an inactive Src family kinase. Nevertheless, any Src 
family kinase mutant with any other mutation of a Src family kmase exhibiting loss of ATP 
binding may be suitd^le for use of a meliiod accord^ These "dead end" 

10 Src family kinase mutants are preferably used as a control for the mode of action of a test 
con^tmd Such a control "kinase-dead" Src family Idnase mutant canbe tisedto distinguish 
\^iiether a test coirpound inhibits fhe Src family kinase activity, interacts wfh non-catalytic 
domains and functions or affects the folcing and/or expression of the Src famDy kinase. 

15 Another preferred embodiment of fhe method according to fhe invention employs at least 
one Src family kinase mutant winch can be used to determine the spedfidty and binding 
mode of a test conpound ("spedfidty determining mutant type"). This Src family Idnase mu- 
tant according to fhe invention is encoded by a nuddc add (coding for a Src family kinase) 
containing at least one mutatiorv e.g. in fhe ATP binding site, preferably by substitution of at 

20 least one amino add, vAwch acts as a spedfidty determinant of the encoded Src family kinase 
member or fhe Src kinase family as such Preferably fhe mutant has a nnutation within fhe 
ATP binding site, e.g. a deletion, substitution or modificatiorL It is preferred that fhe mxxta- 
tion relates to at least one amino acid vxiiich is characteristic for Src family kinase (and even- 
tually some other related tyrosine kinases) in contrast to other tyrosine kinases, e.g. fhe mur 

25 tant relates to a substitution, modification or deletion of a threonine in the ATP binding site, 
partictflarly T341 of Src or fhe anabgDUS readuffi of fhe other Src family member. However, 
any mutant of a Src family kinase member vAOi any other mutation exhibiting fhe described 
properly is also teable for carrying out a method according to invention. Sudi a Src family 
Idnase mutant at a spedfidty determining residue affects fhe f oDovdng: A test compound 

30 binding to fhe ATP binding site and e>diibiting a significant degcee of spedfidty for a Src 
family kinase (vrfldtype) vM not bind with hi^ affinity to said Src family kinase mutant Con- 
sequentiy, fhe test con^und ml not inhibit this Src family kinase mutant wifh a potency 



wo 2005/059168 



PCT/EP2004/053321 



10 

con^arable to a Src family kinase (mlciype). Ho\A3eva:, this Src family kinase mutant shows 
Wldtype-lite aclivLty (wildtype or hyperactive kinase activiiy) and therefore, both are indistm- 
guishable othervrfse. Thus, this Src family kinase mutant aIlo\AS to dteranne the binding 
mode and spedfidty of a t^ con^XDund 

5 

A further preferred erribodiDnertt of the method according to the inversion employs at least 
one Src family kinase mutant \Aiiich causes an hyperactive form of a Src family kinase ("hy- 
peractive mutant type^. Sixih a mulati^^ rendersphoshorj^aiionof anaminoaddof the 
regulatory residue in^ssible, e.g. at the (tyrosine) phosphox3fetion site. The phosphorjiation 

10 of this amino add is nec^sary f or svsitching a Src fatnilykunase from an active into the inac- 
tive form. Since the ratio of phosphoiyiation/dephosphorjiation regelates the inactive/ active 
conformation of a Src family kinase, a mutatiorv \AJuch does not aUowthe Src family kinase 
to be phosphorjiated, leads to a permanent and constitutive activation and thus, to a hyperac- 
tive form of said Src family kinase. Thns, the binding of a con^tmd to this hyperactive 

15 Src family kinase mutant leads to a characteristic phenotype. In general, an assay according to 
the invention employs preferably a Src family kinase mutant, vvhidi cannot be phosphorated 
at the regulatory site Svch a Src family Mnase mutant according to tiie invention can be en- 
coded by a nucleic add (coding for a Src family Idnase) exhibiting a mutation, eg at the regur 
latory phosphorjdation ate, particularly concerning or involving the regulatory tyrosin residue 

20 involved (v\hich may be substituted for another amino add or deleted or modified). This 
phosphorylation site is located in the carboxy-terminaL tail of a Src family kinase v\iuch con- 
trols the kinase activity. Nevertheless, any other mutation of a Src family kinase leading to the 
described hyperactive form is employable for a method according to the present invention. 

25 Another preferred embodiment of the method according to the invention employs at least 
one Src family kinase mutant which leads (i) to a hyperactive form of a Src family kinase and, 
moreover, (ii) exhibits a mutation which aflows to determine the spedfidty andbinding mode 
of a test compound ("double mutant type''). TypicaUy such a Src family kinase mutant has at 
least two mutations, preferably a mutation leading to a hyperactive form and moLitation of at 

30 least one spedfidty determining residue (mutations as outlined above). Gonsequenfly, this Src 
family Idnase mutant according to the invention can be encoded by a nudeic add (coding for 
a Src f arruly kinase) wMdt con±>ines these mutations. Mbre predsdy, a nudeic add corrprisr 
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ing (i) at least one mutation at the regulatory (tycosine) phosphorylation site in the caAoxy- 
terminal tail, regulating ihe ratio of inactive/active form of a Src family kinase, as described 
above, and (ii) at least one other mutation, e.g. in ihe ATP binding site, pteferably by a siibstir 
tution, modification or deletion of a threonine readue in ihe ATP binding ate, \^hich repre- 
5 sent(s) aspedfidty detenninant as described above. 

This iype of Src kinase fairuly member ''double'' mutant maybe used for a method according 
to the invention in conibination vsiih at least one other type of the aforementioned types of 
Src family kinase mutants (e.g hyperactive mutant, kinase dead mutant and/or a specificity 

10 deteririining mutant). In general, at least one, pteferably two, more pneferably three and most 
pteferably four mutant types of the gcoi^? of mutant types consisting of "kinase dead" mutant 
type, hyperactive mutant type, spedfidty deterrninirig mutant type and doi±>le mutant type, as 
disclosed above, are used for method according to the invention. Preferably, the method ac- 
cording to ihe invention is carried out wfh at least the "kinase dead" mutant type (in other 

15 words cells expressing this mutant type) and the Interactive mutant type, more preferably 
combined wih cell expressing the spedfidty determining mutant type. In a further preferred 
embodiment of the method of the present invention the method uses wt Src family kinase 
(cells expressing a wt Src f amiLy kinase) as a control. Another control may be cells not being 
induced by an inductor, e.g tetracycline. 

20 

One preferable feature of the method according to the invention is the comparison of the 
phenotype chan^ of the afore-mentioned Src family Idnase mutant typ^ iipon addition of a 
test conpound 

25 In apteferted erribocfiment at least one, preferably tv\o, three or four of the aforementioned 
characteristics are detectable by selecting at least one, preferably two, three or four or even 
more nudeic adds coding for a mutated Src family Idnase from the gpotp consisting of SEQ 
ID NOs 1 to 4 (Src sequences), SEQ ID NOs5 to 8 (Yes sequences), SEQ ID NOs 9 to 12 
(Pgr sequences), SEQ ID NOs 13 to 16 (Fyn sequences), SEQ ID NOs 17 to 20 (Lck sb- 

30 quences), SEQ ID NOs 21 to 24 (Hck sequences), SEQ ID NOs 25 to 28 (Lyn sequences), 
SEQ ID NOs 29 to 32 (Blk sequences), and SEQ ID NOs 33 to 36 (Yrk sequences). 
Thereby, the method of the invention provides vesdits for at least one of the abilities dfe- 
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closed above The method of the invention can be carried ovt mth any of the sequences 
listed above. Preferably the method of the invention is performed wifh all or a subset of se- 
quences for one of the members of Src kinase family However, any t^t compound can be 
tffitedfor its properties against at least two members of asubset of aSrc family kinase (of the 
5 aforementioned Src kinase sequences and its mutants) in order to identify and characterise 
potentially effective test compomds by the method of the invention 

Consequently, in apr:efeti?edeo±>odicnertt the active test oornpoimdrriodulates the activity of 
a Src family kinase or mutated Src family kinase directly or indirecfly Preferably, this comr 
10 potmd irihibits the activity of rffectrxiediated by the Src fa^ 
kinase 

'TVfodulate'' the activity and/or ihe repression of a Src family kinase or a mutated Src family 
kinase accorcJing to the invention means to chan^, eg. decrease or increase, inhibit or acti- 
15 vate, partially or completely their activity and/or expression 

,Chan^ or noddation of the "activity'' of a Src famiLy Idnase or a mutated Src family relates 
to any mode of alteration r^iiting in a change of the phenotype of ceUs and - according to 
the invention - must not be mderstood as a limitation to the "kinase activiiy of a Src family 
20 kinase or a mutated Src farruly kinase. 

"Direct inhibitors" directly bind to a domain of a Src family kinase or Src family kinase mu- 
tant Those direct inhibitors will most likely bind to the kinase domain, especially in the ATP 
binding pocket or the stbstrate binding ate Nevertheless, effects fhrou^ binding of direct 
25 inihibitors to other sites or domains are also possible, since they may exert structural change 
on eg. the stibstcate binding site or ATP binding site or the enbj of the ATP binding site 
Direct inhibitors of the Src farnily Idnase farnOy are eg PPl<3ir., PP2 andSU6656- These 
direct inhibitors were also tised in several ©cpedments according to the invention Their 
chemical structure is shown in Fig. 9p. 

30 



"Indirect irihibitors" do not inhibit the Src family kinase or mutated Src fairuly kinase, itself 
but other components, in particular proteins, involved in the signal transductions pafhvsay or 
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folding or formation of a Src family kinase. For exan^le fhey inhibit the Hsp90/Hsp70 chap- 
erone systena (Stebbins et aL, 1997, Gdl S2, 239-50; Yonng et aL, 2001, J. Cell BioL 154 267- 
73; Neckers, 2002, Trencte IVblec. Med 8, S55-S61), wiiose function is reqtriied for a correct 
folding of Src famiLy kinase (Whitesell et aL, 1994, Proc. Natl. Acad Sd USA 21, 8324-8; Xu 
5 et aL, 1999, Proc. NatL Acad ScL USA ^ 10944). Ha Src famtty kinase is misfolded due to 
inhibition of this chaperone madiinecy, it is quickly d^tined to proteasomal degradation le- 
sultrng in a functional knock-down of Src family kinase. Indirect inhibitors for exanple are 
the compounds ^danangon, 17-AAG and radidcol, known to inhibit the (ATP^ of) 
Hsp90, wiiose chaperone activity is required for a proper folding of Src family kinases 
10 (among other Hsp90 clients). 

For the melhod of the invention expressbn constructs can be generated to enable stable and, 
if necessary, inducible expressian of Src family ktnase, and mutated Src family kinases, for 
example, the Src family kinase mutants Src-KA, Src-TQ, Src-YF and Src-TQ/YF (abbrevia- 
15 tions denote angle letter amino add-code, for further information see bdow) in cells, pre- 
feired in marncnalian cells. 

Therefore, in a preferred embodiment of the invention tiie nucleic add vvhich codes for a 
mutatedSrc family kinase is sdected from, the grotp consisting of SEQ ID NOs 1 to 4. 

20 

These sequences relate to mutant derivatives of Src (member of the Src family, see above). 
More predsdy, fhey relate to the mutant derivatives Src-IG\ Src-TQ, Src-YF and Src- 
TQ A'F of the Src wildtype expression construct that can be generated according to the in- 
ventioiL 

25 

In Src-KA lysine298 (K298) (or its anabgues of other Src family kinases) of human Src has 
been mutated to alanine (A). K298 is one of fhe critical "consensus" amino adds in the ATP 
binding site of the tyrosine kinase domain of Src. When K298 is mutated to A, ATP binding 
is Abolished and fhe kinase is corrpletdy inactive. The Idnase^nactive Src-KA iriutant is 
30 in one erribodiment of this invention as a control for compoundmode-of-action Gomr 
pottnds, vshidi have an effect on Src, Src-TQ, Src-YF or Src-TQ/YF expressing ceDs due to 
direct inhibition of fhe kinase activity of Src shall not produce any effect in Src-KA expressr 
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ing cells. Sic-KA or its analogues for oilier members of the Src family kinases leads to 
"kinase-dead Src" and makes it -- in almost al cases - possible to differentiate between comr 
pomds AAiuch exert their effect fhroii^ i) inhibition of Src Idnase activity or ii) interaction 
with Src's non-catalyti.c domains and functions or, indirectly, affecting Src folding and expces- 
5 sion 

Any other mutation of a Src or otiner members of tine Src kinase family, \vhich produces the 
same effect as mutant Src-KA. maybe used instead of Src-KA. in order to gpt fine same con- 
clusion as wth Sic-KA E.g flie mefliod of the invention maybe performed with anoflier Src 
10 Idnase famQy mutant wiuch forms a "Idnase-dead" Src (eg another mutation in tine ATP 
binding site) as well 

In Src-TQ tin^e fhreonin^41 (T341) (or its analogues of other Src family Mnasra) of human 
Src is mutated to ^utamrne (Q). T341 is an amino add at the ATP binding site, \A*uch distin- 

15 guishes Src family kinases and a few other related tyrosine kinases from tine remainder of tine 
tyrosine kinases. Therefore, Src-TQ aUov^ to determine the spedfidty of active, kinase- 
inhibitory corx^mds for Src and Src-like kinases. The SD-structure of Src family kinases 
and related tyrosine kinases, like Abl, sliov^ that this threonine residue is a spedfidty deter- 
minant of these kinases for the binding of classical, spedf ic inHbitois and is important for 

20 irMbitor-kinase-interactions. For instance, the Abl tyrosine kinase inhibitor drug Gleevec® 
(STE571; Novartis, Basel, Switzserlanc^) does not inhibit Abl-TQ, and the classical Src family 
kinase inhibitors PPl andPP2 do not inhibit Sic family kinases \A4ien they cany the respec- 
tive TQ mutations. Compounds that bind to the ATP binding site andvAiidh exhibit a signifi- 
cant degcee of spedfidty for Src or Src famil3Prdatedtyrx>sir^ kinases not bind vdfhhi^ 

25 affinity to Sic-TQ and vvill consequently not inhibit its idnase with a potency comparable to 
(wildtype) Src. However, importantiy, the Src-TQ mutation (or its anabgpes for other mem- 
bets of the Src Idnase family) does not chan^ the activity of a Src wldtype or hyperactive 
kinase activity (Src-YF) and, therefore, Src-TQ and Src (as well as the pair Src-YF and Src- 
TQ/YF) are indistinguishable otherwise and do display the same activity and produce the 

30 same phenotype. Thus, the Src-TQ mutant or its analogqes for other members of the Src 
family Mnases mak^ it possible to differentiate between candidate corrpounds with respect 
to their binding mode and spedfidty. 
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Other mttfcants (mutations at other position of the wldtype) of membets of ftie Src family 
may have the same properties and functional characteristics as Src-TQ and maybe vsed a::- 
cording to the invention as lA^elL 

5 

In Sxc-YF the tyrosine530 (Y530) (or its analogues of other Src famiLy Idnases), vsiiich is lo- 
cated in the carboxy-teaninal tail of Src, is mutated to phenjialanine (F) restdting in a hypei>- 
active form, of Sir. For abetter mdecstandingof this effect, it is necessary to knowthat Src 
famiLy Idnases consist of different domains, as above-mentioned These domains work to- 

10 gefher to generate a ti^tly regulated protein tyrosine kinase: Src is composed of an M 
terminal sequence responsible for meixbrane-attachment f olloAA^ed by a tmique region, a 
Mnase domain (Src honnolog^ domain 1 (SHI)), connected by a linker seqi:mce to a dornai^ 
that binds phosphotyrosine-containing seqviences (SH2), f oUo\A;ed by a domain that binds 
proline-rich motifs (SH3) and finally a carboxy-terminal tail containing a regulatory tyrosine 

15 phosphorylation site (Y530). The kinase activity of Src is mainly controlled by this C-teramal 
tyrosine: When it is phosphorjdated (by another kinase, called Csk) pY530 binds to the Src- 
SH2 domain leading to a "dosed'', inactive conformation of Src vdiich is further stabilized by 
the intramolecular interaction of the SH3 domain wth a seqtience in the Idnase-SECZ-linker. 
In a nonrtransf ormed intact cell there is iisuaUy a balance betv\een the active and the inactive 

20 conformation of Src (vsinich is deteronined by other Idnases and phosphatases responsible for 
phosphorylation and dephosphorjfetion of Y530) vAUi the majority of the ^M^dtype Src pro- 
tein normally e^dsting in the inactive form. When Y530 is mutated to F (as in Y530F), Src-YF 
cannot be phosphorjiated at this position resulting in a canstitutivdy active (hyperactive) Src 
mutant. Beades displaying a hi^ier kinase activiiy level, Src-YF is qualitatively corrqiacable 

25 with Src with regard to localization and protein-protan interactiorv because it do^ not con- 
tain any additional mutations, like v-Src. 

Src-YF or its analogues for other merhbers of the Src family kinases leads to ahyperactive Src 
Idnase and its expression induces a characteristic phenotype. Other mutants (mutations at 
30 other position of the vrfldtjpe) of members of the Src family may have the same properties 
and functional characteristics as Src-YF and maybe tjsed according to the invention as well 
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Src-TQ/YF (or its analogues for other msmbeLS of the Src family Mnases) shows hyperactive 
(Src-YF)-'like activity and has a mutation at the ATP-binding site (see also Src-TQ as ©c- 
plained above) in addition to the YF-inutation In a direct con^^arison with Src-YF, Sic- 
TQ/YF or its analogues for other nierribeis of the Src family Mnases eSkms to determine the 
5 spedfidty of active, kinase^rihflbitory comjxDmds for Src and Src-like Idnases. Fi^fhermore, it 
aDowB to exclude an indirect mode of action of a con^x^mdbroti^t about by an inhibitor of 
a do\vnst!:eamagnallingrnediator of Src. Other mutants (mutations at other position of the 
TAoldtype) of members of the Src kinase farralymayhave the same properties and functional 
characteristics as Src-TQ/YF and rnay^be used according to the inveiition as aa/^ 

10 

In condusioiv ceUuLar assays according to the invention have several magor advanta^ over 
in vitro assays based on a purified protein, y^ch are more co3tnmonly vised for screening 
purposes, since a test con^und vM. only be effective, if it (i) is able to pass the plasma 
membrane of cells, vshich is a prerequisite for a drug (not testable in in vitro assays), (ii) is not 

15 chemically modified or degraded by any of the enzyme in the intracellular or extraceHtflar 
milieu, (iii) is selective enou^ to specifically bind to the tar^ protein, vMch represents just 
one out of > 10^ different proteins present in a typical human cell and/or if it (iv) produces an 
unambiguoiB biolog.cal effect, which lesiits from its specific effect on the tar^t. Whereas 
features (i) - (iii) are features of cell-based assays in ^eral, (iv) is provided for by the ne^- 

20 tive, positive and spedfidty-related controls included in the special integrated set-tp of the 
cell-based assay platform of the invention. Furthermore, any compound-induced effect, 
vMcti is not related to a (direct or indirect) inhibition of Src family Idnases, Hke general non- 
target specific toxicity or any other striking side effect on aHving cell, preferably a Kving hur 
man ceD, of this invention can be distinguished from target-specific effects mediated via (d- 

25 rect or indirect) irihibition of Src farrrily kinases by virtue of the indudbDity of the targpt ex- 
pression in the cells or cell lines of this invention 

Therefore, two levels of the spedfidty of a compound according to the invention can be disr 
tingdshed (a) a spedfidty mfh regard to ^eral targst-independent side effects and toxidfy 
30 and (b) a spedfidty with reg^d to selectivity in binding to Src family and dosdy related 
Idnases as opposed to non-selective binding Particiiady, the method according to the invenr 
tion using mutated Src family kinases allows to distinguish between different modes of action 
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of coir^mds, induding dkect/incJiiect effects on Src f acnily Idnases as well as binding mode 
and specificity of direct Src family kinase inhibitors. 

line nxacieic add coding for a l<iiase of the Src 
5 invention can be contained in a vector. 

A "vector^' according to the invendon is an entity \Aiiich is capable of being introduced or of 
introducing the proteins and/or nuddc add into a cdL It is preferred that the Src family 
kinases or mutated Src family kiriases encoded by iheintrodtJ^ add of the invention 

10 are expressed vdthin the cell tqpn into The vector can e>dst separately 

in fhe cell or can be integtated into the ^nome of the cell according to the invention- 

In a preferred embodiment the vector of the present invention comprises plastrids, 
phagemids, phages, cosmids, artificial mammalian chromosomes, knock-out or knock-in core 

15 structs, viruses, in particular adenovirus, vaccinia virus, lentivirus (Chang, LJ. and Gay, E.E. 
(2001) Curr. Gene Tlierap 1:237-251), Herpes sknplex virus (HSV-l, Carlezon, W.A et aL 
(2000) Grit Rev. NeurobioL), baciilovirus, retrovims, adeno-assodated-virus (AAV, Carter, 
P J. and Samulsid, RJ. (2000) J. Mbl. Med 617-27), rhinovirus, human immune defidency 
virus (HIV), filovirus and engneered versions thereof (see, for exanple, Cobin^ G. P. et al 

20 (2001) Nat. BiotechnoL 19:225-30), virosomes, "naked'' DNA liposomes, and nudeic add 
coated partides, in particular gold spheres. Partiailarly preferred are viral vectors like adeno- 
viral vectors or retroviral vectors (Lindemarm et aL (1997) Mbl. Med 3:466-76 and Spring 
et al. (1998) MbL Cell 2:549-58). liposomes are usually small unilamdlar or multflameHar 
vesides made of neutral cadonic and/or anionic lipids, for exarrple, by ultrasound treatment 

25 of liposomal suspensions. The DNA can, for example, be ionically bound to the surface of 
the Hposornes or internaHy enclosed in the Kpos^ Suitable Epidrnixtures are kr^o\^n in fte 
art and corr^>rise, for example, cholesterol, phospholipide like, for e>cample, phosphatidjicho- 
lin (PQ, phosphatic^aserin (PS) and fhe like, DOTMA (1, 2-Diole}ioxprop5i-3- 
trirnethjdarnmonimnbrorru^^ and DPOE pioleo5iphosphatic^fethanola^ vMch both 

30 have been tised on a variety of cell lines. 
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A largs nutriber of specialized prokai:5^t^^ vectors have been described (e.g., plasmids such as 
those enable of replication in E. coli such as, for example, pBR322, ColEl, j^lOl, pACYC 
184, piYX). Svch. plasmids are, for exairple, c3isdosed by Sambrool^ J. et al. (bx Molecular 
Ooning. A Laboratory Manual, 2nd Ed, Cold Spring Harbor Press, Gold Spring Harbor, 
5 N.Y. (1989)). Sarribrool^ J- et aL, hecein incorporated by xefeEence, provide a review of the 
characteristics of mammalian vectors. 

For eKpDession in mammalian cells, eiikaryotic genes are typically cloned first into abacterial 
vector and tiien svfodoned into a vector suitable for eiikaiyotic expresaon or, preferably, e>c- 
pressed by a one step process. Thus, atthou^ many vectors have been described that are 
capable of replicating in both prokarjotic and eiikaryotic cells, such vectors are designed to 
express a particular inserted polynucleotide in oxily one dass of cell Such vectors are illusn 
trated, eg. by U.S. Pat. No. 4,970,155 (Ikasinsid, G. P.), Which describe a prokaryotic plasr 
mid that contains eikaryotic transcription and replication elements, such that an inserted 
potynudeotide can be expressed only in a eiikarjotic celL Similarly, U.S. Pat. No. 5,266,490 
(Davis, S. et al.) describes an expresaon vector that contains an SV40 origbn. of replication, a 
eukaryotic transcription unit of the early immediate human cytomegalovinis (CMV) promoter 
region; and a generic polyiinker and an SV40 splice/polyaden)4ation ate. The vector also con- 
tains apBR322 orign of replication and an antibiotic resistance ^ne under control of apro- 
karyotic promoter. 

Also known are vectors that are equable of expressing an inserted gene in both prokaryotic 
and eiikaryotic cells TAithout any requirement to modify tiie vector or reclone the inserted 
gene. He, B. et al. (Gene 164: 75-79 (1995) described expression vectors tiiat direct the synr 
25 fliesis of proteins from a common set of signals in both prokaryotic and etl<aryotic ceDs. To 
aBow transcriptton from a common promoter the vectors rely vpon a phage RNA poly- 
merase. To direct initiation of translation to the same start codon tine vectors utilize an inter- 
nal ribosome entry ate frorn encephalornyocarditis virus that has been modified to include a 
prokaryotic ribosome-brnding site at an appropriate distance tpstream from the desired start 
30 codon Mole, S. E. et aL (Nud. Adds Res. 15: 9090 (1987) describe pSEMCafRl, a prokary- 
otic-eukaryotic shuttie vector compatible with pUR and larribda gtll expression systems. 
Kaehler, R et aL (DD 206791) discuss a hybrid expression vector vMch contains prokaryotic 
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and eiikarj^tic control units directly connected to the sequence being expressed Alting-Mees, 
]VL A (Strate^es 5:58-61 (1992) describes lire Stratag2ne(R) vector pBK-CMV, vMch is inr 
tended to be suitable for gene eKpcessLon in both prakaryotes and eukaryotes. Hovvever, 
genes donedinto pBK-CMV are expressed only ineffidenfly in ei^^ cells. 

5 

"Expression vectors" lAithin the meaning of the invention are vectors that are c^>sible of me- 
diating the expression of anijdeic add Preferred expression vectors according to theinverv- 
tion are eg. pcDNA4/TO, Pd3NA3-dedvatives, pcDNA5/TO. Ftirther examples are 
pGene/V5-Hte, pVg KXR andpIND-based indtidble expression vectors. 

10 

For the expression constructs according to the inventiorv the pcDNA4/TO (Envitrogen, 
Carlsbad CA, USA) can be chosen as a prefened expression vector. This vector carries a tet- 
operator sequence enabling tetracycline (tet)-indudble expression in ceDs, preferably mamr 
malian cells, of the desbied trans^ne, ^Airose nudeic add, cDNA has been doned info its 

15 poljdinker. The vector also contains a zeocin resistance gene lAiuch allows sdection for stably 
transfected cells wth the antibiotic zeodn (zed). In various experiments of the inventioiv tlie 
human Src cDNA was doned (directed) into the EcoRI restriction site of the vector's pofy- 
linker Jn a preferred embodiment the expression of the nuddc add of the expression con- 
struct is induced by adding tetracydine. Preferably, the induced expresaon caus^ an overex- 

20 pressfonof theniKdtdcaddinthetransfededcdls 

In a preferred embodiment, the cell according to the invention is a ceU line. 

In another preferred ennboditnent the celL is an eiikaryotic cell, preferably a vertebrate ceB, 
25 more prefei:ably a rnainmalian cell, most preferably a human cdl. 

In a further preferred embodbnent the cell or cdl line to be tised in an assay system, according 
to the invention is (a) an immortalised cell/cell line or (b) a tumor eel/cell line or (c) a lymr 
phoid cell/cell line. For exarr^le, a cell or cell line to be vised is a32 Dar BAF cdl (lymphoid); 
30 HL-60, K-562 or other leukaemia cells/cell Enes; HCril6, HCT-IS, Hr-29 or other colon 
carcinoma cells/cell lines; SKOV-3, OVCAR-3, OVCAR-4, OVCAR-6, OVCAR-S or other 
ovarian carcinoma cells/cell lines or epithelial cell/cell lines like HeLa, HEK 293. 
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In one parlictilMypEtTef eared embodiment fhe e)cpcession constructs were transfected in ftie 
''293AKEx" cell line. This cell line is derived fram. ihe htiman embryonic Mdney epifhelial 
cell line 'HEKigs^ vMch is widely used in many laboratories. Its qAthdial nature, \^*uch it 
5 shares mth most (solid) cancers makes it an appropriate and relevant cdkOar system in the 
area of oncology: 293 ATREx ceUs are preferreci because they are cells v*ich stably express a 
so-called tet-repressor protdn, \Ahich is able to block expression from a tet-operator- 
containing expression plasmid, eg pcDNA4/TO. When tet is added to fhe cells, it binds to 
fhe repressor, which changes fhe repressor conformation resulting in its release from fhe tet- 
10 operator and onset of expression, typically overacpresaorL Those cells can be cultivated in 
fhe presence of fhe antibiotic blastiddin in order to keep fhe selection pressure on repressor 
expressiorL 

In ^neral according to fhe invention, any sjstem which allows to express or more preferably 
15 to overexpa:ess fhe tar^ protein(s), egldnases of fhe Src family or fheir mutants, preferably 
in an inducible form, is preferably enployed to perform fhe method according to fhe invenr 
tion. As disclosed above fhe induction of fhe system is generally achieved by pro- 
moter/repQcessor corribinations of fhe expresaon vector. While there ane anumber of medra- 
nisms known in the art to switch on gerie e>qpression by diangpgfe condidons 
20 (e.g. heat shock indiKztion), which maybe employed for fhe present invention, it is preferred 
to induce fhe S5?stemby addition of substances wMcH eg. deactivate fhe repression of gene 
transcription or induce expression by other mechanisms, like tetracycline, rrdf epristone, po- 
nasteroneA or muristeroneA 

25 According to another preferred erribodiment fhe phenotype chan^ is defermined by qualita- 
tive and/or quantitative analysis. 

In a particularly preferred embodiment fhe phenotype chan^ is deterrrmedby assesang one 
or more parameters of fhe ceLLtOar phenotype, e.g fhe viability, cell death rate, growth proper- 
30 ties, proliferation, upon contacting a corr^und to be tested with fhe cells or cell lines accord- 
ing to a method of fhe invention. The phenotype parameter(s) are measured and corr^^ared 
wifh fhe phenotype (eg. viability or any other parameter) of said cell before adcMon of fhe 
corr5X)und, whereby a difference in fhe phenotype (e.g. viabflity or any other other parameter) 
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of said cell indcates that the compotind to be tested xnodiilates the activifcy of a Src family 
kinase. 

A quaJitative analyas as well as the detecmination of changes in the cellular phenotype, eg. 
5 viability, accoixSng to the invention can be carried 

ixiicroscope) of the celL Thereby, particularly the cell morphology, gcowEh characteristics 
and/or distribviiion of the cells wfh and mthout addition of the test compotind are scruti- 
nizecL This aHowB to get qualitative and semi-quantitative information about the effects of 
test compounds based on a biological readout (phenotype), ^siiich results fromithe activity (or 
10 eg si:5>presaon of activity induced by a test con:5X)und) of Src famfly kinase and mLitated Src 
f arrily kinase in a transf ected cell (as compared to the phenotype wthott addition of the test 
corrpound). Control experiments vm\g transfected cells, which are not tri^red to ovecex- 
press the Src Idnases or their moutants, are preferably en^loyed (either with addition of the 
test compound or without the addition of a test coir^und) to avoid any artefacts. 

15 

A quantitative analysis as well as the detemrination of changes in the phenotype according to 
the irtvention can be measured by several methods and various parameters. The complex: 
phenotypes that can be observed upon Src family Idnase/ Src family kinase mutant induction 
according to the invention, may include chan^ in e.g. 1) viability, proliferation, 3) cell 
20 death- and 4) morphology/ gpowth properties (evenly distributed, a^reg^ting). These chan^ 
can be qiBntitatively determined by uang reference measurements wiuch allow to calculate 
ref ereance values. 

A nttniber of assays or systems for the measurement of these parameters are knowam in the 
25 art. Some of these xrweasurements are specified by the web pages 
wwvv:pronne^coirv^tbs/cdlp[rolif.htm or wwvv:biocheriLroche.cotn In general, the final 
readouts can be colorimetric- (ie absoibance-), luminescence- or fluorescence-based 

Some of these known methods are mentionedin the foHo wing 

30 

Cdl ViabiRty methods 

Most Adability assays are based on the rneasurement of dt^ 
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a) Metabolic activity or 

b) Cell membrane integrity. 

a) MstaboKc activity is tisuaJly detected in cells via incubation wfh tetrazoKtm salts, eg. 
5 MTT, XTT, WST-l, MTS, vMch are cleaved into a water-soluble, colored formazan 

product by metaboKcailly active cells. Kits to perform siKh assays are available form, comr 
panies like Rodie (Basel, Switzerlanc^, Promegp. (Madison, WE, USA) and many others. 
As an exanple, in the "CellTitec96 AQueovis One Solution Cell Proliferation Assay 
(MTSy from Promega, the colored formazan product of the bioreduced tetrazoliiim 
10 con^und MTS (3-(4,5-<fimethyllhi^ 

stflf ophen54)-2HrtetrazoEum) can be quantitatively detected at the wavelengEh of 490nm 
(absorbance) in a plate reader. 

Another method is based on fhe ability of viable cells to convert a redox dye (resazurir^ 
15 into a fluorescent end product (resorufin). Viable cells retain the ability to reduce resazu- 

rin to resorufin, wiiereas nonviable/ dead cells rapidly loose metaboKc c^adty, do not 
reduce the indicator dye, and thus do not generate a fluorescent signal This method is 
errployed by the "CdlTiter-Blue'^^ Assay"' from Promega. Results obtained by the above 
described assays are f iKiiier described in the examples. 

20 

The ATP status of cells can also be analyzed by homogenous assay types and provides for 
a quantitative measute of cellular energy capacity and thus viability. Several companies in- 
ducing Perldn Elmer (WeUesley, MA, USA) or Promega provide kits for such assays. Ke- 
siits obtained by using the "CeDTiter-Glo Ltiminescent Cell Viabiliiy Assa/' (Prom^) 
25 are discussed in the exairiples. 

b) In healthy cells wfhuncoiripromisedpl^^ 

are excluded yAuie dead or d5ing/damaged cells are stained and can be counted Leaky cy- 
toplasmic merribranes as a ineasure for k>ss of cdl viabiL^ detected by measr 
30 uring the release of moleciiles. Eke lactate dehydro^nase (LDH) or ^Cr from djing cells 
into the culture medium 
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Cell Prolif emtion IVfethods 

While the cell viability methocJs inentioned xmder a) above can to some extent also be vised to 
ctetemiine cell proliferation, the most prominent and accurate parameter for analyzirLg cell 
proliferation is the measijrement of DNAsynfliesis as a specific marker for repH^ Wiich 
5 in turn is a piBi:equistte f or ce^ Labded DNA precuisors, Ike ^H-fhymic^ 

5-bxomo-2'-deoxyridine (BidU), are added to the cells and their incorporation into genomic 
DNA is quantified following inciibafbn and sample preparation. The amomt of incoiporated 
label is proportional to the rate of cell division (proliferation). ^H-fhymidine, BrdU and assay 
Mts tising these rnarkers are available frornrnanycoirpaniesKljeRocte Biosciences 
10 (Franklin Lanes, NT, USA). 

Indirect measurements of proliferation include Westem-blot-or ELISA-based protein analysis 
of molecules -by quantity or activity- vsiiich regulate the cell cyde, Kke cydin-dependent 
kinases. 

15 

Cell Death 

There are two major ways a cell can die: Necrosis or ^x)ptosis (Le. programmed cell death). 
For bofli processes, and to distinguish these two processes, there is a number of variom assay 
types available, including DNA-fragmentation- (so-called "TUNEU'-) assays, w^tem-blot- 

20 or EOSA-based analysis of active caspas^, wiiich are the emmtioner proteases of the apop- 
tosis pathways, or their deava^ px)ducts (Kte PARP), AnnexinV staining of translocated, 
outer merribrane-exposed phosphatic^dserine, time-coxjrse-dependent ATP determinations, 
deteraiination of the proteolytic activity of one or more caspases and intracdlular staining 
wfh DNA-binding dyes. Many conpardes provide compounds or Idts for sudi assays, indud- 

25 ing Roche (Basd, Switzedanc^, Alexis Cbrp. (Lateen, Switzserlanc^, limitedi (Montreal, CA), 
Promeg^ Perldn Elmer, Molecular Probes and others. 

Cai morphology and growth diaracteristics 

Those are dif ficult-to-quantify parameters. This aspect of the phenotype changes is obvious 
30 ^AA\en. examined by eye/microscope. Nevertheless, the evaluation of phenotype dianges by 
eye can suffer from being i) inhetentiy subjective, ii) qualitative or semi-quantitative instead of 
quantitative, iii) unsuitable for mediumr or hi^ throu^put screening of compounds. 
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A quantitative evaltiation can be realized by -use of apptopriate Kve cell image analysis soft- 
ware appKcations, as is e.g available from Visitron System GnibH (Ptrbhdirv Germany), 
vMch vse special algDiifhms to detect and quantify parameters associated wfh and quantita- 
5 tivdyreQecting individual cell morphology' and overall grawlh property chan^. To meet the 
reqiirements of a hi^ fhrou^:iput screening, a person skilled in ihe art can combine a suit- 
able image aanalysis program wliii a fuUy motorized microscope; such a settp can automali- 
caDy record and analyze im^^ of each of a microtiter plafe transforming ihem info 
quantitative parameters. Spedal features, like an irKnibator-equq^pedinicrosoope stagB, v\hich 
10 controls tecrigperature and CO2 level, aEovvs ihe long-term and kinetic analyas of live cell phe- 
notypic chants. 

The invention also relates to a compound or a pharmaceutically acceptable derivative tihereof 
identified, selected and/or characterized by a method of the invention. Preferably, tiros comr 
15 poxmd is obtained or obtainable by a meflnod of tiie invention. Preferably, this conpound is 
suitable for t3ne treatment of diseases, vshich are at least in part caused by a Src family kinase. 

A ''pharmaceuticaUy acceptable derivative'' of a coirpound according to the invention relates 
to any non-toxic salt, ^er, salt of an ester or other derivative of a compotmd of this inven- 
20 tion that, vpon administration to a recipient, is enable of providing, either directiy or indt- 
rectiy, a corr^xDund of tinis invention or an inhibitorily active metaboKte or residue thereof. 
PharnnaceutLcally acceptable salts of the compounds of this invention include those derived 
fromphannaceutically acceptable inorganic and organic acids andbases. 

25 'T)iseases, w*uch are at least in part caused by a Src family kinase'' according to the invention 
mean any diseases or other ddeteriots condition in \Ahich at least one Src family kinase is 
known or be known to play a role. Accordin^y, the compounds of the invention are use- 
ful for treating diseases or condttions that are known to be affected by the activity of one or 
more Src-farrdly kinases. 

30 

The inventkm also relates to the use of a compotmd or a pharmaceutically acceptable deriva- 
tive thereof according to the invention for the production of a medicament for the treatment 
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of ciseases, vMch are at least in part cai;isedby a Src family kinase, pieferably cancer, hyper- 
calceajua^ restenosis, osteoporosis, osteoarthritis, S3^niptoinatic treatment of bone metastasis, 
rheumatoid arthritis, inflammatory boivel cJisease, iiuiltiple sdetosis, psoriasis, Itpjs, gcaft vs. 
host disease, T-cell mediated hypeisenativity disease, Hashimoto's fhyraiditis, GtdMn-Barre 
5 syndrome, chronic obtructive pulmonary disorder, contact dermatitis, Pa^*s disease, asthma, 
ischemic or repetf usion injury, allergic disease, atopic dermatitis or aflergyc rhinitis. 

Fiirthermore, the invention also relates to a pharmaceutical cpmposition for the tteatment of 
diseases (or for manufacturing drugp for the treatment of diseases), vsiiich are at least in part 

10 caused by a Src f arnily Idriase corrprisirig a corr^tmd or a pharmaceutically acceptable de- 
rivative thereof identified, selected and/or characterized by the method of the invention and a 
pharmaceutically acceptable carrier, ac^nvant or vehicle. Preferably, these cJiseases include 
cancer, hypercalcemia, restenosis, osteoporosis, osteoariluitis, syrr^omatic treatment of bone 
metastasis, rheumatoid arthritis, inflammatory bowel disease, multiple sderoas, psoriasis, 

15 li:puis, graft vs. host disease, T-cell mediated hypersensitLvity disease, Hashimoto's thyroiditis, 
Grrillain-Barre syndrome, chronic obtructive pulmonary disorder, contact dermatitis, Pa^'s 
disease, asthma, ischemic or reperfusion ir^'iKy, aUergic disease, atopic dermatitis or alLerg.c 
rhinitis. 

20 Preferably, the componnds and/or pharmacetdical compositions according to the invention 
or identified by methods according to tt\e invention are administered for the treatment of 
variotis forms of non-solid and soM cancers. Exarr^les for cancers which can be treated by 
the compotmcfe and/or pharmaceutical corrpositions according to the invention are Hod^dn 
lymphoma, non-Hodgtan lya^homa, histocytic lynrphoma, cancers of the brain (^obla&- 

25 tomas), ovarian, genitourinary tract, colon, Uver, colorectal tract, pancreas, breast, prostate, 
lymphatic systern, stomach, larynx and lung, including Ittng adenocarcinoma and smaE cell 
lung cancer and/or skin, e.g melanoma or nonrmelanoma skin cancer, including basal cell 
and squamotB cell carcinomas. 

30 A ''pharmaceutically acceptable carrier, ac^'uvant, or vehicle" according to the invention refers 
to a non-toxic carrier, ac|tivant or vehicle that does not destroy tin.e pharmacological activity 
of the compotmd wfh \Aiuch it is formulated Phannaceutically acceptable carriers, ac^uvants 
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or vehicle that maybe used in the coir^sitions of this invention include, but are not limited 
to, ion exdian^as, alumina, aluminum, stearate, ledfhin, serum proteins, sirh as human se- 
rum, albumin, buffer stbstances such as phosphates, glycine, sorbic add, potassixKn sorbate, 
partial ^yceride mdbctures of saturated ve^able fatty adds, water, salts or electrolytes, sudi as 
5 protamine stOf ate, disodtum hydrogen phosphate, potasaum hydrogen phosphate, sodium 
chloride, zinc salts, colloidal siKca, magnesium trisilicate, polyvinyl pyrrolidone, celLubse- 
based substances, polyeth3iene ^ycol, sodium cad^oxymethjiceltubse, polyacrjiates, waxes, 
polyelh5*ene-polyo?gprop5d^^ polyeth5dene ^^ol and wool fat. 

10 The pharmaceutical compositLons of the present invention m^be administered orally, par- 
entecaHy, by inhalation spray, topically, rectaUy, nasaUy, buccaEy, vaginally or via an implanted 
r^ervoir. 

The term ''paienteral" as used herein indudes stibcutaneot;is, intravenous, intramuscular, in- 
15 tra-articular^ intra-synovial, intrastemal, intrathecal, intrahepatic, intralesional and intracranial 
infection or infusion techniques. Preferably, the con^sitions are administered oraUy, intrap- 
eritoneaUy or intravenously Sterile injectable forms of the con^sitions of this invention may 
be aqueous or oleaginous suspension These suspensions may be formulated according to 
techniques known in the art using suitable disperang or wetting agents and suspending 
20 agents. The sterile ir^'ectable preparation may also be a sterile ii^'ectable solution or susperv- 
sion in a ru3n-toxic parenteraUy-acceptable diluent or solvent, for exan^le as a solution in 1,3- 
butanedioL Among the acceptable vehides and solvents that may be en^loyed are water, 
Ringer^s solution and isotonic sodium chloride solution In addition, sterile, fixed oils are 
conventionally employed as a solvent or suspending medium. 

25 

For this purpose, any bland fixed oil may be employed induding synthetic mono- or di- 
^ycerides. Fatty adds, sudm as oleic add and its ^yceride derivativ^^ are useful in the prepaia- 
tian of ir^ectables, as are natural pharmaceuticallyaGceptable oils, such as oKve oil or castor 
oil, espedally in their polyoxyefliLjjabedv^^ These oil solutions or stiqperisions in^also 
30 contain a long-dnadn alcohol diluent or dispersant, sudi as carboxymethyi ceMose or similar 
dispersing agents -that are commonly vsed in the formulation of pharmaceuticaHy acceptable 
dosage forms induding emulsions and suspensions. Other commonly tsed surfactants, sudi 
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as T\Aieens, Spans and other emulsifyirig a^nts or bioavailability enhancers are comr 

monly vised in the manufacture of pharmacettically acceptable solids liquid, or other dosa^ 
forms may also be used for the purposes of formulation. 

5 The phaatiaceuticalLy acceptable compositions of this mvertdon maybe orally administered in 
any oraHy acceptable dosa^ form including, bixt not limifed to, c^3sules, tablets, aqueots 
suspensions or solutions. In the case of tablets for oral vise, earners commonly used indude 
lactose and com starch. Liibiicating agents, such as magnesium stearate, ate also typically 
added For oral administcatLon in a c^>sule form, useful diluents include lactose and dried 
10 cornstarch. \N^enaqueoiJSSUspensk)ns are reqtdred for oral 

bined wiih emulsifyLng and suspending agents. If desired, certain sweetening, flavouring or 
colouring a^nts may also be added 

AltemativeLy, the pharmaceuticaHy acceptable coir^sitions of this invention maybe admirds- 
15 tered in the form of st^Tpositories for rectal administration These can be prepared by mbdng 
the a^nt wth a suitable non-irritating excipLent that is solid at room teni^Derature but liquid at 
rectal temperature and therefore mil mdt in the rectum to release the drug. Such materials 
include cocoa butter, be^wax and polyethylene ^ycols. 

20 The pharmaceuticaUy acceptable compositions of this invention may also be administered 
topically, especially lAhen the tar^ of treatment includes areas or organs readily accessible by 
topical ^jplication, including diseases of the eye, the skin, or the lower intestinal tract. Svdt- 
able topical formulations ace readily prepared for each of these areas or organs. 

25 Topical ^?p]ication for the lower intestinal tract can be effected in a rectal stppository formu- 
lation (see above) or in a suitable enema forrruilation Topically-transdermal patches may also 
be used 

For topcal applications, the pharmaceutically acceptable corrqxjations maybe formulated in 
30 a sxitable ointment containing the active corr^nent stispended or dissolved in one or jx)Ove 
carriers. Carriers for topical administration of the compounds of ti:iis invention include, but 
are not limited to, mineral oil, Hquid petrolatum, white petrolatum, prop5iene glycol, pofy- 
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oxyethyiene, polyoxyprop5lene con^xDunci emulsifying vv?ax and \Aater. ALteiiiafcively, the 
pharmaceufcLcally acceptable oDnpositians can be forrnulated in a suitable lotion or cream 
containing the active components stispended or ciissolved in one or more pharmaceutically 
acceptable carders. Suitable carriers indude, btt ate not limited to, mineral oil, sorbitan 
5 monostearate, polysorbate 60, cetyl esters wax, cetearji alcohol, aodyidodecanol, benzji 
alcohol and water. 

For ophthalmic ijse, the phaonaceuticalLy acceptable corr^xjsitions maybe formulated as rrl- 
cronized suspensions in isotonic, pHac^'tastedste^ as solutions in iso- 

10 tonic, pH ac^'usted sterile saline, eiihermfhor wthotit apreset:vativesi3chasberiz5MI^^ 
chloride. Alterratively> for ophthalmic uses, the pharmaceiaticalLy acceptable compoaiians 
maybe formulated in an ointment such as petrolatum. 

The pharmaceutically acceptable corr^sitLons of this invention may also be administered by 
15 nasal aerosol or inhalation Such compositions are prepared according to techniques well- 
known in the art of pharmaceuticaL formulation and may be prepared as solutions in saline, 
err^lojing benzji alcohol or other stltable preservatives, absorption promoters to enhance 
bioavailability, fluorocarbons, and/or other conventional solubilizing or dispersing agents. 

20 IVIbst preferably, the pharmaceutically acceptable compositions of this invention are formu- 
lated for oral administration. 

The amount of the corc^unds of the ptesent invention that maybe combined wth the car- 
rier materials to produce a con^sition in a angle dosage form will vary dependtng upon the 
25 host treated^ the particular mode of administration. Pteferably, ihe compositions shoidd be 
formulated so that a dosage of between 0.01-100 mg/l^bodjrwei^t/day of the inhibitor can 
be administered to a patient receiving these compositions. Preferred dosage range from 0.1 - 
5 mg/kg body wei^nt/day, even further preferred dosages from 1-5 mg/kg body 
wei^t/day. 

30 

It has to be noted that a specific dDsa^ and treatment regLmen for any particular patient will 
depend vpon a variety of factors, including the activity of the specific compound enployed. 
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the a^, boc3y wdght, ^aneral health, sex, diet, time of a<±Mrdstraiioiv of excijetioiv drug 
combination, and the juc3gcnent of tine tteattng phyaLdan and tiie severity of the particular 
disease being treated The amount of a con^und of the present invention in the composi- 
tion will also depend tpan tiie particular con^und in the composition. 

5 

The following figui^ and examples are fhotight to illustcate the invention and shoiidnot be 
construed to limit the scope of tiie invention tiieceoa AH references dtedby the disclosure of 
the present application are hereby incorporated in tiidr entirely by refetence. 

10 Figures 

Fig. 1 shows the inducible expression levels of different cell lines. More exact, it shows stable 
inducible expression of (ZM75), Src-KA (ZM76), Src-TO (ZM78), Src-YF (ZM77) 
and Src-TQ/YF (ZM170) in some of the 293/rREx cell lines. (ZM74.6: control cell line, 

15 does not express any Src.)- The cells were incubated with 2pg/ml tetracycline car not (+ /-tet) 
for 24h prior to lysis. Lysates were siibjected to SDS polyacrjiamide gel electrophoresis and 
anti-Src Western blotting. The Src proteins are clearly expressed upon tet inductiorv wiiereas 
there is no or very littie Src expression without tet (the littie expression maybe an artifact due 
to a minor proportion of +tet4ysates, xjninterTtianalLy loaded into the neighbouring -tet 

20 lanes). 

Fig. 2 a-f shows phenot5;pes of Src expressing ZMTS.poly cell line incubated in serunt-free 
mediumfor 1 day (a,b), 2 days (c, d) andS days (e, f) infhe absence (a, c, e) or presence (b, d, 
f) of tet. Phenoiype chants vpon Src expression induction: a-H^b; c-^d; e— >f . 

25 

Fig. 3 a, b shows phenotypes of Src expressing ZM75.7 cell line incubated in serum-free 
mediumfor 2 days wifhotJt (a) or with (b) tet. 

Fig. 4 a-d shows phenotypes of Src-KA expresang ZM76.poly cell Hne incubated in serum- 
30 containing medixmn. incL EGF (lOQng/mL) for 1 day (a, b) and 2 days (c, d) without (a, c) or 
with tet (b, d). Phenotjpe changes tpon Sic expression induction: a— >b; c->d 



wo 2005/059168 



PCT/EP2004/053321 



30 

Fig. 5 a, b sho\^s phenotypes of Src-KA expri^sing ZM76.3 cell line incubated in serum- 
contairmig mecfiumincL EGF (lOOng/ml) for 2days vviiiiout (a) or m&i (b) tet. 

Fig. 6 a, b shovss phenofypes of Src-YF e?qpg:essingZM77.poly cdllin^ 
5 containing meciium. for IcJay w£hot± (a) or wfh (b) tet. 

Fig. 7 a, b sho\As phenotypes of Src-TO expressing ZM78.poly cell line inctfoafced in serum- 
free medium for 2 days wiihout (a) or with (b) tet. 

10 Fig. 8 a, b shows phenoiypes of Src-TOA^ expcesang ZM170.21 cell line inciibated in 
serum-contaiiTinginediiraifor lOh^vafhout (a) or wifh (b) tet. 

Fig. 9 a-d, g-o shows phenotypes of Sic-YF exparessing ZM77.poly cell line incubated in 
serum-containing medium for Iday without (a, q g i, 1) or with (b, d^ Iv j, k, n, o) tet and 
15 with the foUowing drugs: lOvM PPl-Chr. (c, d), SpM SU6656 (g h), IpM PP2 (j), 5]jM PF2 
(i, k), 2vMD5 (m), lOpMDS (n), 40pMD5 ^ o) or vehicle (0.2% DMSO; (a, b)) as indi- 
cated on the ima^^. 

Fig. 9 p shows the structure of Src-spedfic inhibitors i:jsed for proof-of-prindple exped- 
20 ments. 

Fig. 10 a-e shows phenotypes of Src expressing ZM75.7 cell line incubated in serum-free 
medium for 2 days without (a) or wifh (b-e) tet and wifh lOpMPPl-Chr. (c), 5viiV[PP2 (d), 
lpMPP2 (e) or veliicle (0.2% DMSO; (a, b)). 

25 

Fig. 11 arj shows phenotyp^ of Src-KA expressing ZM76.3 cell line inctibated in serum- 
containing medium +EGF (lOQng/ml) for 1.5 ckys without (a, c, e, g i) or wifh (b, d, f, Iv j) 
tet and wifh the foUowing dnjgs: lOpM PPl -Chr.+ SpM. PP2 (c, d), 40iiM D5 (e, f), l^iM 17- 
AAG (g h), IpMRadidcol (i, j) or vehicle (0.2% DIVBO; (a, b)). 

30 

Fig. 12 arj shows phenotypes of Src-TO/YF expr^sing ZM170.21 cell line inctbated in 
serumrcontaining medium for lOh without (a, c, e, g. i) or wifh (b, <X f, h, j) tet and wifh the 
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following drug?: 10vMPPl-Chr.-+- 5pM PP2 (c, d), 40pMD5 (e, f ), 1]M 17-AAG (g, h), liiM 
Radidcol {i j) or vehicle (0.2% DIVCSO; (a. b)). 

Fig. 13 arj shows phenofypes of Src-YF e>^3ressing 7M77.8 cell line incubated in serumr 
5 containing medium for lOh vwtChoi* (a, c, e, g, i) or wfh (b, d, f, h, j) tet andwfh the foDow^ 
ing drugs: lOpM PPl-Chr.+ SjiM PP2 (c, d), 40]jM D5 (e, f), IjjM 17-AAG (g. h), IpM 
Radidcol (i, j) or vehide (0.2% UMBO} (a, b)). 

Fig. 14 a-d, g-k shows phenotypes of Src-YF expressing ZM77.poly cdl line inciibated in 
10 suspension (Ultralow Attadiment Plates) in serumrcontaining medium for 2 days \Mfhotit (a^ 
c, g,i,k)orwifh(b,d,h,j,l,nv on) tet and iiie f oHowng drug?: 10vMPPl<3ir. (c, d); SiM 
SU6656 (g. h); 5pM PP2 (i, j); 2pM D5 a). lOpM D5 (m), 40plV[ D5 (k, n), or vehide (0.2% 
DMSO;„-"(a,b)). 

15 Fig. 14 a, b shows magrdfied insets of the cell aggteg^t^ show (a) the smooth surface charac- 
teristic for ftie ,-tet-phenotype" and (b) the cJisintegpation of the a^tegp.te(s) into a loose 
mass of cells characteristic for the ,,+tet-phenotype", Le. full Src activity 

Fig. 14 c, d shows magnified inset of the cell a^iregate surface: (c) a smooth surface is diarac- 
20 teristic for the , -tet-phenotype" (ro Src activity); (d) increasingly ^rotf^" surface cortdates 
with increasing Src activity, ,,+tet-phenoiype". 

Fig.l4g,hshowsmagnifiedinset of fhecdlaggi^egatesiHface (g) a smooth surface is chai>- 
acteristic for the ,,-tet-phenofype" (no Src activity); (h) increaan^y ,px)i:igh" surface corre- 
25 lates with increasing Src activity, „H- tet-phenotype". 

Fig. 14 i, j shows magirufied inset of the cdl aggregate surface: (i) a smooth surface is charac- 
teristic for the „-tet-phenot5pe" (xio Src activity); (j) increasingly „rough" surface corrdates 
with increasing Src activity, ,,+tet-phenoiype'". 

30 
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F ig. 14 k, 1 sho\A® magnified inset of ihe cell aggce^te svirface: (k) a smooth surface is charac- 
teristic for the ,,-tet-phenDiype" (no Src activity); (I) increasin^y ,;rou^'" surface correlates 
with increasing Src activity, tet-phenotype''. 

5 Fig.14 m shows magnified inset of the cell aggpegate surface: an increasingly ,;ix)u^" surface 
correlates vdth iacreasing Src actrviiy, ,,+tet-phenofype'' (in coirparison wth Fig. 14 k). 

Fig.l4ndioVkS magnified inset of thee an increasingly ,;Doti^'' surface 

correlates with increasing Src activify, „+ tet-phenotype" (in comparison wfh Fig. 14 k). 

10 

Fig. 15 a, b shows graphic display of the dbta from Tab.4 (Fig 21) obtained for eel lines 
ZM77.8 (&czYF) (Fig 15 a) and ZM170.21 rSrc-TO/YF ) (Fig 15 b). The columns reflect 
the relative cell viability /metabolic activity values + Atet(means) of Tab A The nutribers on 
top of the respective first (left) columns (no corrpound) are the corresponding Z' values 
15 (concerning the numbers 0.73, 0.75 and 0.85 in Fig 15 a; the nimbers 0.67, 0.85 and 0.85 in 
Fig. 15 b). The itaUc numbers on top of the respective other columns (compounds) are the 
corresponding Z' (si^pression) values. 

The cells were incubated with the following compounds: first (left) columns, respectively: no 
20 corrpound (vehicle DSMO); second columns, respectively. 5yM PF2 + lOpMPPl-Chr.; third 
columns, respectively AOpM. D5; fotirth columns, respectively: 1\jM 17-AAG; fifth columns, 
respectively liiMRadLcoL 

Fig. 16 arj shows phenotypes of Src-TO/YF expressing ZM170.21 cell line incubated in 
25 suspension (Ulttalow Attachment Plates) in serum-containing meditm for 1 day withottt tet 
(a^, e, g. i) or with tet (b, d, f, h, j) and the foHowing drugs: lOjiMPPl-Chr. + 5pMLPP2 (c, 
c^; 40pM D5 (e, f); 1)M Eadidcol (g, h); IvM 17-AAG (i, j) or velude (0.2% DMSO; (a, 
b)). 



30 



Fig. 17 shows phenotypes of ZW4.6 control cell line incubated in sermirfiDee medium for 
1 day in the absence (a) or presence (b) of tet. 
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Fig. 18 shovss an alignment of the sequences of the cJiff erent members of the Src family Src, 
Yes, Fyn, Yrk, Pgr, Hcl^ Lyn, Lck and Blk All seqtiences are human^ except Yrk vdnich is 
from, diickea The kinase domain. SHI, the domain SH2 vMdci binds phosphotycosine- 
containing sequences and fhe domain SH3 Which binds pcoline-rLch motifs are madaed The 
5 position of the constant amino adds K and T in the domain SH2 and Y in iihe domain SHI 
are each ideritified in parenfheas f or the different merhbers of the Src family: It can be seen, 
that for exaaople the Src kinase rrajtant Src-K298A, as described above, corresponds to iihe 
Yes kinase mutant Yes-K305A, the Fyn kinase mutant Fyn-K299A, the Yrk Idnase mutant 
Yilc-K298A, fhe Pgr kinase mutant Fgp-K291A, the Hck kinase mutant Hck-'K289A the Lyn 
10 Idnase mutant Lyn-K275A, fhe Lck kinase mutant Lck-K273A and fhe Blk kinase mutant 
Blk-K269A 

Fig. 19 sho\^B table 2 which summarizies resdts from MTS and ATP assays. Gdl lines 
ZM75.7 ZM76.3 f Src-KA> . ZM77.2 (SrcrYF) andZM77.8 f Src-YF) . ivere tested for 

15 their reduction of cell viability/inetabolic activity tjxxn tet-induction. 

The indicated cell lines were gfxmn. in 96wells under fheir optimal growth conditions 
bdow, example 3). As a variation some cell lines were also seeded at 50% lower density (low 
dens.). One day after seeding cells \\?ere incubated wifh or without tet. Cell viabflity was meas- 
ured 1 day, 2 days, and3 days laterustriga Victor2 platereader in fhe absorption mode (MTS 

20 assay) or fhe Itarinescence mode (ATP assay). In fhe MTS assay fhe cells were measured Ih 
and 4h after addition of fhe assay reagens. Ratios of cell viabflities wifh/wifhout tet and fhe 
corresponding Z values are indicated in bold type. SD (standard deviation). 

Fig. 20 shows table 3 which summarizes results from analogoi;© assays (MTS and ATP eGr 
25 says), in which fhe cell lines ZM77.8 (Src-YFl ZM75.7 (Src) and ZM76.3 (SrcdKA) w^ 
used to evaluate fhe effects of test compounds PPl-Chr. and PP2 and of fhe newiy identified 
corr^imd 'T)5'' wifh respect to fheir ability to st^Tpress fhe tet-induced reduction in cdl 
viability/metabolic activity. 

30 The indicated cell lines were grown in 96wells under their optimal growth conditions (see 
below, example 3). In one case (suspens.), cells were grown in suspension in ultralow adhe- 
sion plates. One day after seeding cells were incubated with or without tet and wifh fhe ind- 
cated coirpounds at fhe indicated concentrations or vehicle (0.2% DMSO). Cell viabflity was 
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nneasuredl day,2days, and3 dajs later losing a Victor2 plate reacfe in 
(Mrs assay) or the liKiiiriescence mode (ATP assay). In the MTS assay the cells wece xrmsr 
toed 4h after addition of the assay reagens. Ratios of cell viabilities wtthAvithovit tet and the 
corresponding Z values are indicated in bold type. SD (standard deviation). Toxicity of the 
5 compomds (1 - iiiean(-tet,(DMSO))/rnean(H:et,com^ is indicated for each cell line. 
Sttppression values reflect the c^>abilify of the con^xjunds to si5>pcess the tet-induced reduc- 
tion of cell viabiliiy and are indicated in bold type together wfh the corresponding Z' (stp- 
pcession) values. 

10 

Fig. 21 shows table 4 wiiich sho\\s data obtained from the CTB assay and in con^^arisor^ 
with the ATP assay. 

The indicated cell lim^ were grown in 96wells under their optimal growth conditions (see 
15 bdowj exanple 3). One day after seeding cells were inciibated with or without tet and with 
the indicated compounds at the indicated concentrations or vehicle (0.2% DMSO). Cell ^- 
ability was measured 1 day, 2 days, and 3 days Mertasing a Victor2 plate reader in the fhx)re^ 
cence mode (CTB assay) or the lurninescence mode (ATP assay). In the CTB assay the ceJls 
were meastired 1, 2, 3 or 4h after addition of the assay rea^ns. Ratios of cell viabilities 
20 with/wifhott tet and the corresponding Z* values are indicated in bold type. SD (standard 
deviation). Toxicity of the compounds (1 - rnean(-tet,(DMSO))/rnean(-tet,coir^tK^ is 
indicated for each cell line. Suppression values reflect the effects of the compounds to sup- 
press the tet-induced reduction of cell viability and are indicated in bold type together with 
the corresponding Z' (sttppression) values. 

25 

Fig. 22 represents the chemical structure of con^undDS- 

The following examples do not limit the scope of the present inventiorL 
30 Examples 

Inter alia proof-of-prindple experiments are provided^ in wMch the following two classes of 
corr5x>unds are tested (i) corrtpounds, vxiiich directiy inhibit the tyrosine kinase of Src (direct 
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inihibitors), and (ii) cotr^mcJs wiuch inhibit the Hsp90 chaperone system, on ^sJuch Src ex- 
pends for proper folding, thereby causing Src degradation (indirect inhibitors). 

As result, it foIlo\AS that this assay platform can be used for ihe identification of compounds 
5 \\iiich directly inhibit Src activity as well as of compounds which interfere wifh ihe Hsp90 
chq?erone system- 
Example 1 - Generating of expression constructs for Src and the Src mutants Src-KA, 
Src-TQ, Src-YF, Src-TQ/YF 

10 

Expcession constructs have been generated to enable stable and inducible expression of Src 
kinase, and the Src kinase mutants Src-KA, Src-TQ, Src-YF and Src-TQ/YF (abbreviations 
denote single letter amino add-code) in mammalian cells. 

15 pcDNA4 AO (Invitro^) was chosen as expression vector. The features of this vector are 
abeacfy described above. 

The f olbwing mutant derivatives of the Src wdldtype expression construct were ^lerated 
This has been achieved by means of site-directed muta^nesis using the "QuickChange Site- 
20 Dkected Mutagenesis Kif' (catJio. 200519, Stratagene, La Lola, CA, USA) according to the 
protocol of the manuf acti^er and the following oligonucleotides: 

Src-K298A: 5'<XLALGGGTGGa::AT03CCACGCrG^^ (sense) and 

5'<;TGCX:AGGCrrCAGGGTGGCGATGG<XAaDCT (antisense); 

25 

Src-T3410: 5'- GCATTTACATCGTCCAGGAGTACATGAGCAAG-S' (sense) and 
5'-CITGCrCATGTACTCCrGGACGATGTAAATGG-3' (antisense); 

Src-Y530F: S'-OiZACCGAGCCCCAGTrCCAGCCCGGGGAG-S' (sense) and 
30 5'- CrGCa:GGGCTGGAACrGGGGCrCGGTGG-3' (antisense). 



Src-T(341^O/Yf530)F : combination of Src-T341Q and Src-Y530F 
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Example 2 - Generation and Biochemical Characterization of Hximan Cell Lines 
Stably Inducibly Expressing Src/ Src Mutants 

5 The above described expression constructs were transf ected into the ''293/TREx" cell line 
(Invitrogen) vising FuGENE ^oche, Basel, Smtzerland) or Effectene (Qiagen) transfection 
reagents according to the manirf acturers' protocols. 

Cells are cdtivated at standard inciibafor conditions (37°C, 5% CO2/ humidified abnosphgDe) 
10 on standard cell cidture plastic plates/ rndtivvell plat^ (Nunc, Roslclde, Denmark) in gtOTAih 
medium pMEM (Gibco/ Invitrogen, cat.no. 61965-026), 10% FBS (Biochrom, catJio. 
S0115, Lot No. 521A), 1% sodium pynivate (Gibco, cat.no. 11360-039)) in the presence of 
the antibiotic blastiddin (5pg/ml) in order to keep the selection pressure on tet-repressor 
expression 

15 

24 hrs after transfection of the 293 A'REx cells mfh the inducible Src/ Src mutant expression 
constructs, 2eo (cat.no. R2504, Invitrogen, Carlsbad, CA, USA) included into the 
growth medium (250 pg/ml) for selection. Successdfully transf ected cells, x^iiich have stably 
integrated the transf ected DNAs into the genome and which express the resistance gene, are 
20 r^istant to zeo; aU other cells, which have either not taken vp the plasmid DNA or v\hich 
have not stably integrated or lost the DNA, die in the course of 1 week 

To obtain separately growing colonies (mono-dones) of stably transf ected ceUs, ceUs were 
splitted at ratios of 1:50, 1:500 and 1:5000 onto new6cmrctJltUEe plates 24hrs after transfec- 

25 tioa The m^ority of the cells were selected and expanded in pool (polyclonal). Monoclonal 
colonies were picked using doning cylinders (e.g Dimn Laboratories, cat.no. 2090-00608 for 
6 (dianeter) x 8 (hight) mm, no. 2090-00808 for 8 x 8 mmc5feders) and expanded in paralld 
toitfl. cell nimibers were Hghenou^ for the c€^ cover a lOcmrciiture dish with iiearcon- 
fltence (-lO'' cdls). The polydonal pools were expanded as well. Aliquots (2 x Scmt-plate (2 x 

30 --10^ cdls) of the obtained mono- and poly-donal cdl lines were used for characterization, 
wMe the remaining btilks of cells were aKquotbed- frozen in several ayovials (Mmc) and 
stored in liquid nitrogen 
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For characterizatioxy cells from each cell line wece treated wth tet (2pg/ml) (cat-no. 550205, 
InvLttogen) to induce the expression of the transgenes (Src / Src mutants) or left untreated (1 
X Scmrplate of cells, see above). --16 hlater cells i^vere lysed Src / Src mutant expiTessionis 
5 monitored by Western blotting vm\g Src-spedfic antibodi^ (Anti-c-Src (N-16) antibodjr, 
cat.no. sc-19, Sta Cruz Biotechnology, Santa Cruz, CA, USA) and horseradish peroxidase- 
cotpled secondary anti-rabbit Igp-antiboc^ (cat.no. 25800685 Amersham Biosciences, litlie 
Chalf ont, UK) . In order to qualify for furfher tise in assay development a cell line has to have 
a clearly detectable expression of ihe desiced transgene, and this e>9ression must be ti^oSJy 
10 inducible, Le > 10-fold and preferably > 100-fold lower expression levd wthotit tet treatment, 
most preferably no detectable expression wiihovt tet (above the endo^noias bad<gtounc3, 
AAhich is near the Ettlt of detection). Thecef ore, the level of expression has to be hi^ enou^ 
to technically aEowfhe detection of an at least 10-fold weaker ecpression signal (see Fig. 1). 



15 Several different cell lines were obtained and characterized for each transgene with the fol- 
lowing restits: 

1 polyclonal and 14 monoclonal cell lines stablyindudbly expressing Src: 
ZM75.poly, ZM75.1, .2, .3, .4, .5, .6, .7, .8, .9, .10, .11, .13, .14, .15. 

20 

1 polyclonal and 13 monoclonal cell lines stably indudbly expressing Src-K A 
ZM76.poly, ZM76.2, .3, .4, .5, .6, .7, .8, .9, .10, .11, .12, .14, .15. 

1 polyclonal and 19 monoclonal cell lines stably indxxibly expressing Src-YF: 
25 ZM77.poly, ZM77.1, .2, .3, .4, .5, .6, .7, .8, .9, .11, .13, .14, .16, .17, .18, .19, .20, .21. 

1 polyclonal and21 monoclonal cdl lines stably indudbly e>q3iessirigSrc-TQ: 

ZM78.poly, ZM78.2, .3, .5, .6, .7, .8, .9, .10, .11, .13, .14, .15, .16, .17, .18, .19, .20, .21, ,22, .23, 

.28. 

30 

1 polyclonal and 30 monoclonal cell lines stablyindudbly expressingSrcA'Q AT: 
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ZM170.poly, ZM1701, 1, .3, A, 5, .6, .7, .8, .10, .11, .13, .15, .19, .20, .21, .22, .24, .25, .26, 
.27, .28, .29, .30, 31, .32, .33, .34, .35, .36, .37 

display a deady electable and incJucible Src / Src mutant expa^esaon. 

5 

1 polydonal and 4 monodonal control (transfectedwththe eiri^ 

tor pcDNA4/TO) obtained 

ZM74.poly, ZM74.3, .4, .5, .6. These control cell lines db not e>cpii^ any exogenoias Src 
(consequently, the above requiiements do not apply here). 

10 

Fig.l e)cen:^larily shows the inducible repression levels of some of the above mentioned cell 
lines. 

Example 3 - Qualitative/ Semi-qiiantitative Deterxnination (by Eye/ Microscope) of a 
15 Biological Readout (Phenotype) for the Expression of Src/ Src Mutants 

and IdentLfication and Characterization of Src Modulating Chemical Compounds 

a) Biological Responses in Normal Cell Culture Plates 

20 i) Bidkj^ad Re^ya^ upon Inkictkm (fStc/ SrcMutatOs Expression 

Phenotype changes -tet +tet were evaluated in. 24-weJl plates (Nunc; cat.no. 143982) un- 
der the f ollomng several different growth conditions to identify the strongest possible re- 
sponse (Apt^^-^H-tet^max) 1. full (10% seatm containing gpowEh medium a) without any 

25 growth factor st5>plement (-), b) with epidermal growth factor (EGF; lOOng/ml) (cat.no. 115, 
R^earch DiagpostLcs Inc. (RDI), Flanders, NJ, USA) or c) platelet derived growth factor type 
BB (PDGF-BB; 30ng/ml) (catno. 114b, RDI) or d) hepatocyte growth factor (HGF; 
2Qng/ml) (RDI, cat.no.300-010), or 2. serumrfree medium a) - orb) +EGF or c) +PDGF or 
d) +HGF. In all cases, cells were first seeded into standard 24-well or 96-well plates (Nunc) in 

30 fuH gx)wth medtura The cell nurnber seeded per well was also varied to identify the most 
suitable cell densities producing A^(.tet->H-^^)max 
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^24 h later the meditttrL \^;as changsd to seaomx-iree medium or not, gcowth factors and tet 
(2pg/mL) wete added wtee ^?pKcable. SiibsequentLy, the following observations \^;er:e made: 

ZM74 (con) lines: As expected, no agnificant or consistent/ reproducible difference of 
5 the phenotype (morphologjr, prolif eradoiv ceE death) was apparent tinder any of the af ore- 
menttoned growth conditions. 

ZM75 f Src) cell Knes: Induction of Src expnesaon led to a most apparent phenotype change 
of the respective cells v\3nenl3riey were gpown in serunirfteemediunnL and without any growth 
10 factors (see Fig 2). 

Under such starving conditions cells did not grow well and start to move towards each other 
and durr^ toother forming filamentous or round aggregates. These aggregates grew over 
time, sometimes into bigdurr^/ fod, and the cdls appeared to fuse into bigmass^, v\4ule a 
15 large proportion of the plastic surface of the culture dish remained free of cells (see Fig. 2 a, 
c,e). 

In the presence of tet, vAiea Src expresaon was induced, the cells looked more viable, tindr 
distribution on the culture dish was more even and the cells grew more individually rather 
20 tinan forming lar^ a^reg^tes or fod, finally readiing confluence all over the dish (see Fig 2 
b, d, f). It was obviotB tiiat proliferation is increased 

In short, Src expression (in serum-free medium) allows the cells to gpo w more normal, like in 
serumrcontaining medium (see Fig. ^. The functional expressian of wildtype Src compen- 

25 sates, at least in part, for the lack of serum. Therefore, the Src ©cpression-induced phenotype 
chan^ are best revealed tinder serum-free conditions. A cdl densiiy/ confluence of ap- 
proximately 30% at the time point of tet-induction is preferred This gves tine cells enou^ 
space to gpowand spread over the plate (as they do in tiie presence of tet) during the follow^ 
ing 2-3 days. A much hi^er cell density lead to premature full confluence (in the presence of 

30 tet), v\hich dirninish Apt(.tet^+tet)- A mudn lower cell density lead to a general retardation of 
growth and to a reduced cell viability, \Ahich obsciKes tine biological response and lead to a 
reduced Apt(^et^+tet)- -^ptc^et^+tei)!^!^ IS usually reached 2-3 days after tet induction. 
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In one cell line, nairidy ZM75.7, expression of Src leads to rotmding vp of most cells and the 
cessation of growtlv folb\A;ed in some cases by cell deafh (see Fig.3). TWs phenotype change 
conelati^ with the very high inducible Src expresaon level in iiiis particular cell Hne. Because 
5 tet-induction does not pcomote or aDowcell gpowth in ZM75-7, but rather leads to cessation 
of gpowth, the optimal cell density for A ^^j^^+^yrr^ is somewhat H^ner for fihis ceJl line 
(-50%) than for the other ZM75 cell lines, and experiments can also be performed in serumr 
contairdng medium. 

10 This suggests the existence of a threshold bvd of Src activity in a cell above wiuch Src does 
not stf^port and foster ceDukr viability anymore, hvA rather leads to rounding v(p of cells, 
detachment from, the dish and cell death- This is seen j?et more strildn^y in cell lines express- 
ing the hyperactive Src-YF (see below). 

15 ZM76 rSrc-KA^ cell lines: Induced exptession of Src-KA leads to a reduced proliferation rate 
and to uneven distribution of the cells over the culture dish surface and formation of a^pe- 
gates/ clumps, (see Fig4) This phenotype char^ is particularly dramatic in ZM763 correlat- 
ing with the very hi^ inducible exptession level of Src-KA in this cell line (see Fig.5). The 
expression of Src-KA. therefore appears to exert a negative effect on the cells, most likely due 

20 to a dorninant-negative effect of this mutant as is well known in the literature from inactive 
mutants of other tyrosine kinases (Levin et aL, 1993). As Src-KA induces a negative effect, 
the tet-induced phenotype-dhange is most obvious tender optimal growth conditions, Le. in 
serumrcx>ntaining medium stpplemented with lOQng/ml EGF. The optimal cell density at 
the time of tet-induction is aromd 30% (50% for 7M763) gving the cells enou^ space to 

25 grow and spread over fhs plate (as they do in the absence of tet) during the f oUowtng 2-3 
days. Apt(.iet^+tet)max is usiBDy reached 2-3 days after tet induction. 

7M77 (Src-YF) cell lines: Induction of Src-YF repression leads to rounding rtp of cells, fol- 
lowed by detachment of the cells and cell death (see Fig.6). As noticed before, the extent and 
30 the rate of this phenotype-chan^ correlates \Aifh the level of transgene expression indticible 
in the different monoclonal cell lines. In most Z W7 cell lines, \^hich indudbly express mod- 
erate to hi^ levels of Src-YF, Mke for instance ZM77.2 and ZM77.8, the phenotype changes 



wo 2005/059168 



PCT/EP2004/053321 



41 

are vety rapid and dramatic : Rotmding vp of the ceUs starts vdtihiri a fewhottrs and 6-10 h 
after tet addition cells are almost coiryletely romded vp and detached; the phenotype is f tdly 
established ovecrd^; ie Ap^^.^^^^^^ is alreacfy vety alihot^ the continued gcowEh of 
the cells in the absence of tet f tirfher increases A pt(.tet^+tet) until the cells reach confluence. In 
5 order to reach A pt(.tet^+tet)™ax as rapid as posable, cells shoiidbe seeded so fliat tiie densify is 
60-70% at the time of tet induction The phenoiype chan^ is seen equally well in medium 
wih or withotit serunx However, serum-containing medium was lased^ because cells start to 
starve in serum-free medium after approximateLy one day, and tiierefore serumrfree medium 
diminish the hu^ ^{-i^+^i^^^^^^ 

10 

ZM78 (Src-TO) cell lines: As expected, induction of Src-TQ expression leads to phenotype- 
chan^ very similar to tiiose observed in ZM75 cell lines xxpon expresaon induction of vAdr 
type Src (see above) (see FigT). As in the latter, tet-inducedphenotypes are most overt under 
serumrftee conditions. 

15 

ZM170 (Src-TQ AD cell lines: As expected, induction of Src-TQ AT ocpresston leads to 
phenotype changes equivalent to those observed in ZM77 cell lines iipon expa^^aon induc- 
tion of hyperactive Src (see Fig.8). 

20 Comparisons of the extents of the respective phenot3pic changes (-tet +tet) provided a 
rational basis for the selection of a fewcdl lines displaying strong biological responses vpon 
tet-induction, vArdch wete used to further devefop the assay as described below 

The following cell lines were chosen: 
25 ZM75.13, and ZWS.poly; in addition* ZM75.7 (providing a diffeaient and more dramatic 
(Z]V[77-lLte) response); 
ZM763; 

ZM77.poly, ZM772 andZM77.8; 
ZM78.13; 
30 ZM170.21; 

ZM74.6 was routinely used as the control. 
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ii) Suppres^m (fihe Bidc^ml Re^mses byChenuod Catpoimds (Praf-qfPritdple) 

In proof -of-prindple e)q?erirnents, test con:5X>mds, knowi to inhibit Src kinase activity wece 
used to deteuaocme, whether a stjjpcession of the aforementioned Src/ Src iiuAanfc-induced 
5 phenotype change can be observed 

To that end, ihe test compounds PPl-Chr., PP2 (catjio. 529573, Calbiochem) and SU6656 
(cat Jtio. 572635, CalbiocJietr^ (see Fig.9p for chemical structures) were individually added to 
the cells together with tet, and the devebpment of ihe phenoiype cihanges in the presence of 

10 these con^unds was monitored subsequently in dicect comparison with cells that received 
no compotmd or only vehicle (0.2% DMSO) together with, tet induction. The compounds 
were also added to the cells without tet-induction of Src/ Src mutant e>cpi:ession as controls 
for nonrspedfic/ toxicity effects. The e>cperiments wete initially performed with sevecal 
ZM77 cell lines. As depicted in Fig.9, the phenotype changes of the cell line ZM77.poly (Src- 

15 YF) were partially si:qppiiessed by the various test corr^unds (see Fig.9a-k). In the context of 
the ZM77 cell lines, the pr^ence of one of the t^t compotmds reduced the tet-inducedrate 
of cell rounding, detachment and death. The effect was most obvious at early time points (8h 
- Iday), wten the phenotype of the tet-treated cells, that did not recdve any con^und, w^ 
just f lily established or established to a lar^ extent. The block of the phenot)^ chan^ by 

20 the compounds was released at later time points (depending on ihe con^unds, typicaUy after 
8h to 2 days), in nnost cases due to aprogti^sing degradation of the con^xDunds. 

Furfhemnore a dear correlation between different compound (Drmtmtiom and the d^iees of 
stppiession of the tet-indudble biological responses was shown (e.g. Fig9j4!C and F%9m,n,o): 
25 Stq^pcession was generally stronger with increasing cancentratians of the test compounds. 

Compounds wece also tested on the Src-wt expressing ceU. Hue ZM75.7 (FiglO). An interest- 
ing phenomenon was observed Inhibition of Src not only reduced or prevented the tet- 
induced phenotype of rotmd and detadied cdls, but also resulted in an increased confluence 
30 of the cells due to increased proliferation and a more even distribution of the cells on the 
plate (Fig.lOc,e). 
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The presumable explanation for this is that the partial inhibition of Src in these cells by the 
con^unck reduces the very higjh. levels of active Src in these cells to a level, lAi^ch is func- 
tionaEy comparable to the Src expression levels in other ZM75 cell lines, vAMx promote con- 
fltflence of the cdls (see above). The partial 
5 Src in these cells down below the threshold levd of Src activity above vshich Src does not 
promote celMar viability anymore, but rafher leads to cessation of gcowftv roijmding \xp of 
cdls, detachrnent frorn the dish and cdl death. 

In a small-scale screening canpaign testing novel compounds with unknown acrtivity against 
1 0 Src in whole cells, several molecules were identified^ which agniGcantiy and specifically sup- 
pressed the observable phenotype chan^. The (concentration-dq>endent) stpptession effect 
of one compound, designated (see Figure 22), wJuch has been identifiedin this screen 
with ZM77 cell Knes, is shown in Fig9 l-o. These results demonstrate that the described assay 
is weD. suited to screen and identify (novel) compounds, wJuch inhibit Src activity in v^le 
15 cells. 

For reasons of ^pedfidty some corrpounds weiie further tested on some of tine other cell 
lines: 

20 Importantiy, the coirfX)unds w«re not able to suppress the tet-induced phenotype changes in 
Src-KA expressing ZW6 cell lines; rafher it is often observed that the preseance of some 
compounds further increases the tet-induced phenotjpe change (negative st^xession), due 
to a synergsm with the dominant-negative effect [this is shown examplarily for PPl-Chr./ 
PP2 and D5 in Figlla-f]. This indicates that th^e compotmds exert their effects spedfically 

25 via inhibition of Src^s Idnase activity. It can therefore be excluded that the observed effects 
are mediated by their binding to any of the non-catalytic domains of Src fher^y blocking 
protein-protein interaction-mediated signalling nor mediated by any indirect means r^iilting 
in a ^neral inhibition of Src folding and/ or expressiorL 

30 The test compounds PPl-Chr./ PP2 were also ineffective in stppressing the tet-induced 
phenoiype chan^ in Src-TQ expressing ZM78 cell lines and in SrcTQ/YIF expressing 
ZM170 cell lines [conpare Figl2a-d (Src-TQ/YF expressing ZMl7a21) with Fig.l3a-d (Src- 
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YF expressing ZM77.8)]. This indicates, as a further level of specificity, that the compotmds 
inhibit Src kinase activity by bindng into the ATP binc3ing site and that other non-Src-reJated 
kinases, vMch do not have a threonine at the homobgotis position, woxild not be inhibited 
by these corr5X>tinds. 

5 

In contrast, the novel inhibitor D5, i^Me ineffective against the Src-KA-induced effects, did 
supp!tess both Src-YF- and Src-TQ AT-induced effects, aKhoti^ suppression was somevyiiat 
weaker for the latter (con:5?aie Figl2e,f with Figl3, e,f|. This shows, that D5 does not seem 
to be very specific for the threonine at position 341, but also tolerates gliatamine instead, 
10 which mak^ it obvioiB that it will to some extent also inhibit other non-Src-rdated tyrosine 
kinases. 

In further anatogously performed proof-of-prindple experiments, the test compounds 
^danarrydn (cat.no. G-1047, AG. Scientific), 17-AAG (cat.no. A-1256, AG. Scientific Inc., 
15 San Diego, CA, USA) and radidcol (catno. R-1130, AG. Sdentific) \Aere used to detenxdne, 
whether a siq^pi^ession of the Src/ Src mutant-induced phenotype chants can be observed 

These Hsp90 inhibitors were very effective in these assays, si^^presang the phenotype of all 
Src and Src mutant expressing cell lines tested in a concentration-dependent manner [exemr 

20 pladly shown for radidcol and 17-AAG in Figsllg-j, 12g-j and 13g-j]. The suppression is 
con^^arable or strong and usually a bit longer-lasting than the suppression observed with 
the direct Src kinase inhibitors PPl-Chr., PP2, SU6656 and the newly identified D5. The in- 
hibition via the folding rnachinery is very fundamental for Src. When direct Src Idnase inhibi- 
tory compotmds are degraded over time the blodc is released without any delay, wiiereas re- 

25 expression of correctly folded Src protein takes some time after derepresaon of fihe folding 
rnadiinery following the degradation of H5p90 inhibitory compounds. 

It is important to emphasize that these compovmds are also effectivdy supptessing Src-KA- 
and Src-TQ/YF-induced phenotype dianges (Figsll/12gj). This fits perfectly with their 
30 medianism of action: Throu^ inhibition of Hsp90, they prevent a proper folding of Src and 
Src mutants, leading to proteasomal degradation of the (misf olded) Src pioteins. This di^a- 
dation affects aH Src and Src mutant proteins likewise, induding Src-KA and Src-TQ/YF. 
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Thus, any inhibitor of the chq:)etx)ne systetiv AAhich is responsible for Sic folding and. ^/sMch 
consists of H5p90, Hsp70 andHbp (vsMch interacts wfhbofhHsp70 andH5p90 via two of 
its TPR domains; Sdieufla: et aL, 2000), can be distinguished from a direct Src kinase inhibi- 
tor by its stppcession of Src-KAinduced effects. 

Taloen togsfher, the mutants Src-KA and Src-TQ/ Src-TQ AT aJlow the dasafication of 
corr^x^tmds wfh regard to their modes of action / spedfidiy as follows: 



10 Tab.1: 







Suppression of Src- 


Mode of action/ specificity 


examples 


YF 
(wt) 


TQ/YF 
(TQ) 


KA 


1. Indirect (upstream): 










Inhibition of the Hsp90/Hsp70/Hop multlchaper- 

one complex 


Radicicol, Gelda- 
namycin, 17-AAG 


+ 


+ 


+ 


2. Direct or indirect (downstream) 










Kinase inhibitors (non-specific or non-ATP- 
competitive) or inhibitors of Src effector(s) 


SU6656 


+ 


+ 




3, Direct 










a) Kinase inhibitors (ATP -competitive) with lim- 
ited specificity 


D5 


+ 


+/- 




b) Kinase inhibitors (ATP -competitive + specific 
for Src(-llke) kinases) 


PP1-Chr., PP2 


+ 







It follows that the assay platform of this invention is not only suited for ihe identificatian and 
characterization of compounds inhibiting the activity of Src, hvt can equally well be t:ised to 

15 screen, identify and evaluate corrpounds which inhibit ihe H5p90-based ch^^etone systemby 
any means: inhibitors of the Hsp90ATPase; coir^unds which block protein-protein- 
interaction between Hsp90 and other proteins lite Hisp70, Hop, Cdc37 and others cooperat- 
ing with Hsp90 in the folding of Hsp90 client protdns (e.g HER2, Akt, Raf, Cdk4, Src), as 
well as inhibitors of ih^ cooperating proteins and compomds blockbig protanrptotein inr 

20 teractions among these cooperating proteins, for example the interaction between the TPR 
domains of Hop on the one hand and the caAoxy-termini of Hsp/O and Hsp90 on the other 
hand 



b) Biological Responses in Ultralow Attachment Plates 

25 
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i) Bidogml Respomes uponlrduction (fSm/ Src Mutants Expres^m 

Cells wece seeded into 24-well or 96-wbI1 "Ultra Ix>w Attachrnent" plates (cat.iio.: 3473, Go- 
star Coming Corp., Acton, MA^ USA), These plates are coated wiii a covalently botmdL ly- 
5 dro^ la)o: iiiat prevents celli^ the 
cdls v^^ere riot attached to these we^^ the 
phenotypes were tested in full serumrcontaining meditmiia the absence or presence of EGF, 
PDGF-BB or HGF as detailed above. Tet-inductLon\vas also startai the day after seeding;. 

10 Lar^^y itrespedive of the cell immbeis per well, the cells of all cell lines were in suspension 
and formed one or few veay condensed/coirpact, opaque, rod-, disc- or kidneyshapedL ag- 
gregates with a smooth surface, in wiiich individual cdls cotdd not be discerned Ehenotrjpe 
changes became apparent -24 h after tet induction in ZM77 and ZML70 cdl lines only, and 
Ap^(_^-^+^^)max was reached after -2 days. In these cell lines Src-YF or Src-TQA'F expjoresr- 

15 sion, respectively, induces scattering of the cells. Many cells are floating in the medium i3n.di- 
viduaHy or in small clusters and the remaining large a^regate(s) are u:iegular-sh^)ed and 
rafher loose than compact; individual cells can easily be discerned and thus, the surfaces of 
these aggregate are rou^ as with bunches of grapes (Figl4a,b). This biological response TA?as 
readily observed with or wifhottt any of the above gpowfh factors, wherefore normal gpoxvth 

20 ineditmwifhottf: anyadditional growth factor was si±)sequen€yiisedin this assay^fype 

There was no phenotype change vpon tet-induciion in control or any of the other Src, Src- 
KA or Src-TQ expressing ceU. lines. 

25 ii) Suppw^ (fthe Bidagml Ee^jomes hyChenml Compound (Procf'<f'Primple) 

In picK)f-of-pdnciple experiments, test corr^x^tmds known to inhibit Src kinase activity^ or 
known to inhibit the Hsp90 dnaperone complex were used to determine whether a sappooesr 
sion of the aforementioned Src-YF-induced phenotype changes can be observed 

30 

To that end, the test corx^tmds PPl-Chr., SU6656 and PP2 were individually added to the 
cells together with tet, and the development of the phenotype chants in tlie presence of 
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these compounds was monitored siiDsequenfly in direct comparison with tet-induced cells 
that received no coir^imd (Fig.l4c-j). The compounds were also added to the ceUs without 
tet-induction of Src/ Src mutant ©cpcessian as controls for non-specific/ toxicity effects. The 
experiments were performed with several ZM77 cell lines- As depicted in Fig.14, the tet- 
5 induced phenotype changes in ZM77.poly were partially suppressed by the various com- 
potmds: Cell scattering and convecaon of the compact aggregate into loose and irregular dus- 
ters was inhibited to various e^ctents, depending on the nature and concentration of the corrt- 
pounds. 

10 In a smaE-scale screening campaign testing novel compounds with unknown activity agpinst 
Src in whole ceDs, several moleaies were identified^ vdiich significantly and specifically sup- 
pressed the observable phenotype changes. The (concentration-dependent) si^^pression effect 
of one compoimd, designated 'T>5'\ wiiich has been identified in this screen with ZM77 cell 
Hnes, is shown in Figl4krn These results demonstrate that the described assay is well stated 

15 to screen and identify (novel) compounds wiiich inhibit Src activity in whole cells. 

Spedfidly tests with PPl -Chr. and PP2 using the Src-TQ/YF expressing cell line ZM170.21 
demonstrated that these coxr^unds were largely ineffective in siiqppressing the tet-induced 
phenotype (cell scattering, etc.) (see Fig. 14/15 c, d). D5 sK^fly stppressed the phenot37pe 
20 change of ZM170.21 (see Fig 14/15 e, f ). These results are consistent with the data obtained 
in the normal cdL culture plates facilitating adherent gpowtii (see above for details and condur 
sions). 

In contrast to the Src-kinase inhibitors, which only stjppressed the tet-induoedphenot37pe in 
25 the Src-YF ^q^ressing ceJl lines, the Hsf90 inhibitors radidcol and 17-AAG were able to 
suppress to a large ^ent the tet-induced phenotype in both, Src-YF and Src-TQ/YF ex- 
presang ceD. lines (see Fig 14/15 g, h, i, j). These resiits are in line with the data obtained in 
the normal cell ctOture plates facilitating adherent growth (see above for details and conckt- 
sions). 

30 

These results demonstrate that the described assay with suspended cells is weD. siited to 
screen and identify compounds, wiuch moddabe Src activity or the function of the Hsp90 
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chapear)iie system (induding Hsp70, Hop and other co-iavolved pax)teitis) in vA)ole cells. This 
assay can distinguish betvveen direct, ATP-coxrpetitive and Src (f annily)-speci£LC inhibitors 
(category 2b in Tab.l) and other inhibitors with different binding modes/ spedfidty (catego- 
ries 1 and 2a) by comparison of lesdts from Src-YF wfh Src-TQ/YF e)^xtessing cells/cell 
5 lines. 

c) General considerations 

Most of fhe mentioned cell lines have been stibjected to a qualitative detemnination of their 
10 biological responses vpon tet-mediated Src/ Src mutant repression induction. 

The sttength of fhe biological responses correlated wifh fhe respective inducible transgene 
expression levels. A big difference of fhe phenotypes — tet versus +tet i.e. a strong biological 
response i:pon induction of expr^siorv was desired, because the effect of a drugmll si;f>press 
15 the tet-induced phenotype to a point some^^3nere in between these two extremes: 

(i) no expression induction (tet), phenolype reflects no (or bad^potmd) Src/ Src mutant 
activity and 

(ii) induced expression (+ tet), phenotype reflects maximal Src/ Src mutant activity in fhe re- 
spective cell line. 

20 

A corrpound, which is added to fhe cells at the time of tet-induction, will diminish fhe devd- 
opment of fhe tet-indudble phenotype dependent on and quantitatively correlating with its 
inhibitory effect on Src/ Src mutant activity If there is no inhibition (0%), fhe induced phe- 
notype will be maximal (ii). On fhe other hand, if there is a complete inhibition (100%), fhe 
25 tet-induced phenotype is corrpletdy stqppressed and fhe phenotype is unchanged, ie equiva- 
lent to fhe situation without tet (i). Accordin^y, a partial inhibition of Src/ Src mutant activity 
by a compound will result in a partial stqppression of fhe tet-indudble phenotype (l%r-99%). 
The wider fhe range betvveen fhe phenotypes of i) -tetandof ii)-f-tet(Api^.tet-^+tet))fheiriore 
precisely can fhe effect of a potentially Src inhibitory compound be measured 

30 
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Example 4 - Quantitative Determination of the Biological Readout (Phenotype) for 
the Expression of Src/Src Mutants and of ihe Potency of Src Modulating Chemical 
Compoimds 

5 ^) Ex^fcrpl^? Pipof-<?f-principlg 

To proof ihe concept of fhe assay platform according to the invention in a quantitative manr 
ner with a hi^y paraEel readout, the foUowng cell viability / metaboKc adivify assays from 
Promega accordrr^ to the manufacturer's protocols: "CellTiter 96 AQueous One Solution 
10 Cell Proliferation Assay (MrS )^ CellTiter-Blue™ Cell Viability Assay (CTB) , and the ATP- 
status assay "CellTiter-Glo Luminescent Cdl Viability Assay"' (ATP) were vised to obtain 
quantitative values reflecting (aspects of) the phenotype change. 

The ceUs were seeded into wiiite-vvaUed/ dear bottom 96-\A;ell plates ["MICROTEST" by 
15 Falcorv cat.no. 353947] for MTS and ATP assays and in bkck-^vaUed/ dear bottom 96-well 
plates r'MICROTEST" by Fdcon, cat.no. 353948] for the CTB assay at the ^?pcopriate den- 
sities. Tet and/or conpound addition (lAiiete applicable) \sbs started the next day. IVfeasure- 
ments were taken 1,2 and 3 days later using the WaUac Victor^ ™ multilabel plate reader 
(Perldn Elmer). Absorbance was measured at 490nm (MTS). Luminescence mode tised 
20 for the ATP assay. For CTB fluorescence exdtation \A?avd.ength was 550nni (fitet: 
550(20)nm), emission\Aavdength was 590 nm (filter: 590(20)nm). 

Characteristic results of Ihi^ assays am si^^ 

25 Indicated are the means of axpEcate deteiirinations (from 6 independent wells) in the ab- 
sence of tet (mean(-tet)) and in the presence of tet (mean(+tet)), foUowed by the respective 
corresponding standard deviations SD(-tet) and SD(+tet). The cell viability/ metabolic activ- 
ity tpon tet-induction in relation to the cell viability/ nnetabolic activity wLfhout tet ("±Z: 
tet(means ^O is calciilated from, the quotieni: of fhe means of the measured cell viability/ meta- 

30 bolic activity signals from, i) cdls incubated wifhotrt tet and ii) odQs incubated wth tet. A +/- 
tet(means)-value of 100% indicates that cells are equally viable/ metaboEcally active wfh and 
wLfhotxt tet; wherever tet addition (i.e. induction of Src/ Src mutant expression) chan^ fhe 
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phenotype tovvarc3s reduced viability, the percenta^ decreases correspondingly. FxMhermore 
indicated are the corresponding values . In the present context: Z'=l-(3(SD(+tet)+SD(- 
tet))/ linean(+tet)-mean(-tet) L Z' is a sirxple statistical characteristic for assay qualify assess- 
ment; its theoretical maximum value is 1 (no data variability; SD=0) (Zhang et al., 1999). 
5 Z'=0 is required for an assay tiseful for a screening approach; a Z'=0.5 is considered exc^ent 
for an assay with regard to high throu^iput screening In Tab.s 2, 3 and4 aU + /-tist(means)- 
values, vMch are accompanied by Z' values =0, =0.5 and =0.8 are hi^llightedbyydlo\^^ light 
orange and dark oran^ background color, respectively. 

10 Three more parameters reflecting the effects of compoimds on cell viability/metabolic activ- 
ity in these assays are indicated in Tab.3 and Tab.4: Toxicity reflects the nonspecific (Le. irre- 
spective of tet-induced Src/ Src mutant expcesaon) effects of a compound on the viability/ 
metabolic activity of the cells. It is calculated as toxicity=l-mean(-tet,compound)/mean("- 
tet,(D]VISO)). For simplicity reasons, the quotient "mean(-tet,coii^und)/mean(- 

15 tet,(DMSO)'' is also caUed Q,,, hereafter. The vehicle itself (0.2% DMSO) hadno toxic effect 
on any cell line. If the corr^und does not cQian^ cell viabflity/ metabolic activity Qtox= 1 ^d 
thus toxidty^O. If a corrpomd corr^letely kUls aH cells vdfh no remainder of cell viabil- 
ity/metaboHc activity Qox=0 and toxicity^ 1. A negative toxicity value indicates that cell 
ability / metabolic activity is hi^er in the presence of a compound than without any comr 

20 pomd Negative toxicity values are usually smaE and due to a minor in^sredseness of the 
measured values. The st:^?pression value quantifies the potency of a compound wth respect 
to SL5>pression of the tet-induced chan^ in cell viabiHty / metaboHc activity. Usually, tet- 
induction reduces cell viabflity / metabolic activity due to Src activity and addition of a Src 
inhibitory corr^und mitigates this reduction. A siippression of 100% means that the corrv 

25 pound totally stqppress^ the tet-induced decrease in cdl viability / metabolic activity (as in 
the absence of tet). The foUowng formrda is employed Suppre&- 
SLon=(rnean(+tet/:orrpomd)-rnean(+tet,(DMSO))^ 

mean(+tet,(D]VBO))xQto3). Finally the corr^ponding Z' value is calculated as follo^As: 
ZYstypressionWl- 

30 3(SD(+tet,compound)+SD(+ tet,pMSO))xQtoJ/ 1 mean(+ tet,compound)- 

mean(+tet,(D]VBO))xQto;^. The factor Q^,^ cx>rrects the means and SD determined in the ab- 
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sence of a compound for the (norispedfic) toxicity effect of the respective corqpotmci vMda 
wotdd otherwise overlay and obscuDe tihe specific st^^presaon, if toxicity is not neglectable 

As a ^neial resiit, the viability/^ 
5 not changadby tet additioiv because tet does not induce any Src or Src mutant expression in 
these cdls: +/-tet(means)'*' 100%. 

Table 2 shows that the hi^levd Src expressing cell line ZM757 (see above for further de- 
tails) shows statistically relevant reductions in cell viability/metaboKc adMiy in MIS and 

10 ATP assays- Especially in the ATP assajr tet-induction for 3 days reduced cell viabi- 
iiy/metabolic activiiy to --50% as connpared with no tet-induction mth very good corre- 
sponding Z' values of 0-75 and 0.79. The Src-YF expressing cell lines ZM77.2 and ZM77.8 
were t^ted in parallel for their reduction of cell viability/ metaboKc activity i;pon tet- 
induction. Here the values are even lower than with ZM75.7, declining to 10% cell viabiliiy/ 

15 metaboEc activity after 3 days (conpared with no tet-induction) in the ATP assay; the corre- 
sponding Z' valtie of 0.89 is excellent Tet-induction for Iday reduced the cell viability/ 
metabolic activity to 55-65% (MTS) and to -70% (ATP) and tet treatment for 2days reduced 
the cdl viability/ metabolic activiiy to 20^% (connpared with no tet-induction). Compared 
with the r^id phenotype change that was obvious from microscopic evaluation by eye (see 

20 above), the reductions in cell viability/ metaboHc activity measured in these assays are signifi- 
cantiy delayed As described in detail above, the hxg^ the extent of the phenotype change 
t^xjn tet addition A pt(.tet"^+tet) fhe more easily and reliably a compound's capability to svp- 
press the tet-induced phenoiype change can be measured In other words, the most suitable 
cell line for screening and measuring of Src inhibitors is the one with the most dramatic tet- 

25 inducible drop in cell viability/ metaboKc activity (smallest + Atet(means)-value). In that :re- 
gard, it was found that the cell line ZM77.8 is the most well stated cell line corroborating the 
findings from the evaltations by eye (microscope). 

The Src-KA. expr^ing representative ZW6.3 shows only a moderate tet-induced reduction 
30 to roughly 65-70% of the cell viabiHiy/ metabolic activity without tet after 2-3 days in these 
assays (best Z' value in tiiis experiment: 0.26), althou^ the evaluation by eye reveals a very 
dear phenotype chan^ 1-2 days after tet addition. 
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Lo^^ cell densities do not usually airptove effects and data quality: 

Table 3 summarizes results from analogous assays, in v\iuch the cell lines ZM77.8(Src-YF), 
ZM75.7 (Src) and ZM76.3 (Src-KA) were used to evak^e tihe effects of test compounds 
5 PPl"Chr. and PP2, \^i^ich ate known Src kinase inhibitors, and of the ne\\iy identified comr 
pound wiuch also ^Tpeared to svfpci^s the tet-indudble phenotype in ZM77.8 (see 

above), wifh respect to fheir ability to svppress the tet-induced reduction in cell viability/ 
metabolic activity 7M77.8 produced progressively Ioaao: + /-tet(means)-values dedining to 
5% (Z'=0.95) in the MTS and to 13% (Z'=0.91) in the ATP assay 3days affer tet addition- 

10 These dranmtic reductions and the corresponding excellent Z' values provide a very gcxxi 
basis for the measurement of tihe stqppresave effects of compounds as can be seen in Tab.3. 
Interestingly, the best stfpression values are alreacfy reaidhed 2days after tet and compound 
addttion, obviously due to the progressing degradation of the compounds in the medium 
and/or in the ceUs at 37°C over the course of several days. This finding is also in Hne with 

15 observations described above. For exan^le, in the MTS assay +Atet(means) w^ do\m. to 
16% after 2days, wiiereas in flie presence of lOpMPPl-Chr. + /-tet(means) was only reduced 
to 75%, wHch makffi a st^^pression of 70% acconparded by an exceEent Z^st^^pression) 
value of 0.86. After 3 days, the stppression declined to 28% with a ZXsi;ppresaon) still being 
excellent. In general it can be said that svg^pression effects by coirfX)unds are most obvious 

20 after 2 days, sometimes even Iday, of tet/con:potind incubation, wMe ZXsx:f>presaon) values 
are best after 2-3 days. Tab.3 also shows that the stppiession of a compound (namely PP2) 
correlates with its concentration (here 5pM and IpM), in line with the observation d^cribed 
above. The nev\Ay identified compomd D5 at 40pM concentration mediated a 50% suppres- 
abn (Z'= 0.77) in the ATP ass^2days after tet/conpound addition 

25 

The stpptession effects mediated by the test con^xji^nds PPl-Chr. andPP2 on ZW5.7 were 
detected with good to exceDent Z^stj^pression) values 3 days after tet/conqxjund addition 
The effect of D5 was not detected by this experiment 

30 The con^unds did not soppress the Src-KA induced phenofype of the cdl line ZM76.3; this 
is in line with the observation described above. Rather, in the MTS assay, the presence of 
some compounds ftirfher reduces the cell viability/ metabolic activity (negative sijf^pression). 



wo 2005/059168 



PCT/EP2004/053321 



53 

obviotisly due to a syner^m with the ctominant-negative effect. As alreacfy ptit forward 
above this indicates that these conpotmds exert their effects spedfica%\da inhSbition of Src's 
kinase activity rather than, acting thtotigh any of the non-catalytic domains of Src or, indi- 
rectly, throvr^ inhibition of Src folding and/ or expression 

5 

The ATP-assay^ reagent also added to the wells of a uttralowattadiment plate containing 
ZM77.8 cells in suspension and transf erced into the appropriate wiute-waled 96-wdl plates 
for liminescence measurement. Alfhot^ the 7! values were not in the very good rangp, it 
can be seen that the cell viabiliiy is significanfly decreased (as tinder adherent conditions) after 
10 3 days of tet-induction and that addition of PPl-Chr. suppresses this reduction. Thxjs, in 
principle, a hi^y paraDeL and quantitative detection and defcennination of Src inhibitors also 
worl© with this assay variation 

Both assay t5pes, MTS and ATP, are well suited to screen and detect in a quantitative and 
15 highly parallel manner con^unds wiiich are able to inhibit Src activity in intact cells. Fur- 
thermore, by iising a series of ^>propriate concentrations the 50% effective concentration of 
a compomd (EC50) can be determined In summary, there is no big quality difference be- 
tween MTS and ATP assay Reductions of cell vLabflity/metabolic activity are visually a bit 
more r^dly monitored with MTS (4h measurements are better than Ih measurements). The 
20 ATP assay delivers somewiiat better Z* values in the mqority of the cases; only with ZM76.3 
the Mrs assay is stperior. 

Table4 shoAAS data obtained from the CTB assay and in corr5>arison, with the ATP assay. On 
each day 4 measurements are taken (1, 2, 3 and 4 h after the addition of the CTB assay re- 
25 agents). The Src-TQ/YF e>cpressing cell line ZM170.21, which allows to determine the sped- 
ficify of con^tmd inhibition (see above; Tab.l) was also included Moreover the corr^unds 
radidcol and 17-AAG, wiiich are no direct Src kinase inhibitors, but rather inhibit Hsp90, 
wiiich is required for a proper folding of Src, and thus indirectly inhibit Src activity, were ire 
duded 

30 

The tet-indudble reductions of the cdl viabfliiy/ metabolic activity (+ / -tet(means)-valties) are 
almost identical between ZM77.8 and ZM170.21 and go down to -25% on day 1, to 8-9% on 
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day 2 and to 2-3% on day 3 in the CTB assay (2, 3 or 4 h measurement time points), wiuch 
provides an ideal basis for the measurement of stppression effects by corc^unds. 

In fWs experiment, PPl-ChN-PP2 were used as a repiresentative of the direct Src Idnase in- 
5 hibitory and Src-famOy-spedfic compounds. D5 was used as an exanple for a conpound, 
which inhibits Src as a direct Src kinase inhibitor, but \Ahich is less specific and, according to 
the observations by eye/microscope (see above; Tab.l), can also to some extent inhibit the 
Src-TQ/YF mutant Radidcol and 17-AAG were tised as rqpcesentatives of a conpound 
dass, which inditecfly inhibits Src (via inhibition of the chapecone system). 

10 

In the Src-YF expressing cell line ZM77.8 all compounds dearly st^Tpress the tet-induced 
reductions of the ceJl viability/ metaboKc activity (+ Atet(means)-values). In the CTB ass^ 
the stppr^aon is alreacfy evident and statistically reliable (good to excellent Z'(stppt:ession) 
values) after Iday of inctibation with tet and corr^unds (see Fig.l5a). In the ATP assay the 
15 stppression is also evident on dayl, the corresponding Z^stppression) values are in the gpod 
to excdlent range from day2 oru 

In contrast, in the Src-TQ/YF expressing cell line ZM170.21 the Src family specific inhibitors 
PPl-Chr. and PP2 did not significantly svppress the +/-tet(means)-valx:ies (FiglSb). This 

20 again demonstrates (in line with the observations described above), that this cell line is per- 
fectly stated to discrirninate between Src(f amily)-specifLC kinase inhibitors and non-spedfic or 
less specific inhibitors. This is f trther exemplified by the r^iits with compovacid D5 
(PiglSb): In contrast to PPl-Chr, and PP2, this compomd also significantly stppresses the 
+ Atet(means)-values in ZM170.21. The stfpfDessLon is weaker than in ZM77.8 sug^sting 

25 that D5, althou^ not as specific as PPl-Chr. or PP2, has at least apreference for Src-family 
kinases. 

Radicicol and 17-AAG were equally effective in both cdl lines (Fig.l5^b). 

30 Moreover, radidcol was also effectivdy stppressing fhe Src-KA-induced phenoiype in the 
cell line ZM76.3 (CTB assay), alfhoti^ tine Z'(stppression) values are too lowf or fhis cell line 
to be tised in a medium or hi^-throu^put screen, vshich require H^ier Z' values (TebA). 



wo 2005/059168 



PCT/EP2004/053321 



55 

Evaluating the stdtabflity of boih assay formats (CTB and ATP) it can be stated that CTB 
shows belter (more rapid and stronger) reductions vapon tet-addition in the relevant cell lines 
(ZM77.8, 77.2, 170.21, 763, 75;7) than the ATP assay (Tab.4 and data not sihown). Due to 
5 this, at day2 and 3, the st^jpression (in ^^^^ assay is often less than in the ATP as- 

say, because the + Atet(mean)-values are small (due to strong tet-induced reduction of cell 
viability/ metabolic activity). The Z values are more often better in the CTB than in the ATP 
assay. In CTB, later measurements (3-4h after reagent addition) are usualy better and more 
reliable than eady measurement time points (esp. Ih). Reductions (+/-tet(mean)-values) are 

10 usually best after 3 cJaysbofhin ATP andCIB assays, vvhile su^^pressions ar^ 

day2 (or even dayl). Values vafh the control cell litre ZM74.6 indicate that the CTB assay in 
general is probably less accurate than the ATP assay, ^hich however, is roughly comper\sated 
for by the stronger reductions - at least this is shown by the comparable or sK^tiy better Z 
values. It follov^ that the CTB assay should preferably be given priority over the ATP assay 

15 in a first assay run, \AMe an accon^anying ATP assay ^es more reliability and confidence. If 
the nttmber of cell lines / con^uncfe is small and the evaluation is very important both as- 
says mi^t be run in paraUeL 

The above described proof-of-prindple experiments demonstrate that the three enployed 
20 assay typ^ (MTS, ATP and CTB) are very well siitable to screen, identify and quantitatively 
evaluate con^uncfe, ^Ahich can inhibit Src activity in intact ceUs cJirectly and incJirectiy. So, 
this also includes the possibility to ideri^^ chap- 
erone sj^sfcem (including cooperative proteins, like Hsp70, Hop and ofheis) as detailed above. 
It is furiheraiore possible to determine the spedfidtyof such compounds by means of com- 
25 parir^ their effects on Src-YF expressing (ZM77) cell lines with their rffects on Src-TQ/YF 
expressing cell lines. Other mutations besides the TQ mutation described and used herein, 
Wiidh change important qpedficity det^^ and^/sjloich 
consequently allow to c3iscriininate betvN^en compounds spedfic for Src family kinases and 
con^unds \^ch are also able to ti^fly bind and inhibit other more distantly related tysxy- 
30 sine kinases, covddbe tised in this assay. 
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If one compares the tet-indudble phenotype c±ianges and their si:5ppressLon by various comr 
potmds in 7M77 and ZM170 ceU. lines observed by eye (microscope), as detailed in example 
3 or 4, respectively, mth tihe nneasurements based on cell viability and metaboKc activity by 
means of the above described assays, it is strildng that iihe assays record the phenotype 
5 changes (and si^Dpressions) mfhsome delay: It takes 1-2 days (depending on the assay type) 
of tet(/compovind) incubation tmtil the changes (reductions) are evident and statistically sig- 
nificant. The reductions continue at least until dayS. In contrast, observation of fihe cells ire 
der tiie microscope reveals that alrea!cfy8-12h after addition of tet, Le. induction of Src-YF or 
Src-TQ AT expressioiv the dramatic phenotype change is (almost) fuUy established 

10 

It is pcef ented to use image analysis systems for quantification of phenotype chan^ upon 
inductioa 

In a preferred embodiment it is suggested to tise the assay platfonn in a tvN^D-stage process: 1. 

15 A Src-YF expressing cell line, e.g ZM77.8, (or its analogue of oiher Src Mnase family memr 
bers) can be eajployed in a medium, or high throu^ptit screen using the very suited 
CTB assay. Hits shoxid preferably be confirmed by ATP and/or MTS assays. These assays 
are amenable to automatiorL Z a) Verified hits can then be screened against a Src-TQ/YF 
expressing cell line, e.g. ZM170.21, (or its analogMe of other Src kinase family members) using 

20 the same assays in order to evaluate them xvith r^pect to specificity, b) A Src-KA expressing 
ceE line, eg ZM76.3, (or its analogue of other Src Mnase family members) can then be in- 
chaded to further characterize the mode of action, especially for hits, vihich suppressed the 
phenotype changes of both Src-YF and -TQAT expa:esang cell Unes. If Src-KA expressing 
cell lines do not jield statistically relevant data in these assays, they should preferably be 

25 evaluated by eye/ microscope This vffl not be a mqor problerrv becatjse fh^ 

mH already be small after the initial filtering with Src-YF (and Src-TQ/YF) expresangc^ 
lines. Alfhot^ a quaBtatrve difference of corr5x>und inhibition between Src-YF and waldtype 
Src was not expected, it is advisable to also check the verified Hts on Src expressing cdl lines 
(or other Src family member expressing <^ lines). This maybe done by the aforementioned 

30 assays in the case of the ZM75.7 cell line or by eye/ microscope. 

b) General ConaLderations and Methods 
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Displaying the inost dramatic response, the Src-YF expressing 7M77 cell lines, eg 7^s/U7&, 
seemed ideally suited to establish a method enabling a highly paralel and quantitative readout 
of these reacily observable phenofype change and their stppcession by potential Src- 
5 inhibitory test coirpounds. 

Also well stated is the Src expressing cell line ZM75.7. For reasons of dasafication of novel 
inhibitors according to fheir mode of action and specificity (see TaJb.l, p.l5) the Src-TQ/YF 
and Src-BCAexpresang cell lines, e.g- ZM170-21 andZM76.3, respectively, are employed 
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